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REQUEST 

The undersigned requests that the present 

intemaiional application be processed 
according to the Patent Cooperation Treafy. 

HOME COPY 



, For receiving Office use only 



PCT/IT 03/007 4 2 

I ntetqs^iO"^ AppKcatloaNo* — .., 

■ttTwov 2003 i7/n/q3 

TJamtt olfeMivins Office and TCTlatematjonQ] Appbcauoii" 



^^gr'ySg^gmJg^; ML00H1-1/P-WO 



Box No, I TITLE OF INVENTION 

Free space optical communications 



Box No. n APPLICANT 



' |~] This person is also inventor 




Media Lario s.r.L. 
23842 Bosisio Parini 
Italy 



state (that is, counity^ or nationality: 

IT 



This pexson is applicant 
forifcepinposesot: 



f-jall 



States 



all desk 
the Unil 



Telephone No. : 

+39 031 367 111 



Facsimile No. 

+39 031 867 595 




Teleprinter No. 



Applicanf s registra^nNo, with theOfiCice 



State (that is, country) of residence: 

IT 



BoicNo.ni FURTOER APPHCANT(S> ANP/OR (FUR tCTER) lNVENTOR($) 



Marioni, Fabio 
Media Lario s.r.L. 
23842 Boslslo Parini 
Italy 



state (that is, cowUry) of nationality: 
IT 



PortfaCTapplicimts and/or (fi>td>er)liiveiitoo«t>H^ 



TliepeisonMainificdbeWIalierelw^beenapp^ K] agent 
of atfi^licant(s) brfbte the competent fotema&onal Airfhont esas. i— i 



l^ame and address; 



'tunnsfoSbMtd' 



ikustiiwhidepostalccdeiU3einam9<l cowwpy, 



Tavella, Massimo 
Hammonds Rossotto 
Piazza Castellp 24 
20121 Milan 
Italy 



□ the United States I — Ige States indijaj*^ 
of America only LJthe Suppaoncntal Box 



This person is; 

[" I applicant only 

applicant $nd inventor 



□ inventor only (Tf this dieck-hax 
is marked do not fill in below,) 



Applicant*sregistradonNo.vdthtbeOfrice 



State (ihai country) of residence: 
IT 



p^commo: 



represemative 



Telephone No. 
+39 02 880721 



Facsimile No. 

+39 02 72000689 



Teleprinter No. 



Agent's registrationNo. withthc omce 



Lt Of common rcpresefltattve is/has been appointed and the 
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Contlnnfltion of Box No. m FURTHER APJPIJCCANT(S) AiSIB/OR (FURTHER) nWENTOR(S) 

Tfnone of tlieJoRaxvin^sub^boxes is used, this sheet should not be mcluded in the request 



Name and address: (Family rtanUifo}U>m<ibygivenmnis: for a (e^ai entity Jig^ 

The address must incltiale postal cads and name ^country* TJte eowUry of(hC€tddyess in^catedln this 

BoxistfmappUcam "s State (tJxtt is, country) tifMsldsnc^^noStaSscfre^^ldsneeisin^cmcdM 

Valenzuela. Amoldo 
Media Lario s.r.L 
23842 Bosisio Parini 
Italy 


This pexson is: 

I 1 applicant only 

[^1 applicant and inventor 

1 — 1 inventor oniy(^/^/irc/jecA:-6ax 
1 — I is marked, do not fill in below,) 


Applicant'$reglstradonMo«widitlieOfi5cc 


Stale (tliat is\ country) of xiatioiialiiy: 

IT 


state flh^t is, coimity) of residence: 

IT 



This person is applicant i— i all designated i — | all desi^naied States Gxccgc rr^l the United Staocs i i th« States jndicsicd bi 

for the purposes o P. I | States |_J the United States of Anienca LZy of America Only | | ihe Supplemental Box 



Name and address; {FamtlynaniefbtlmvedbysivBnruxTtvi^craltgdl^ttdty.j^^ 

jjjg addtvss must incltide postal coda andtKfW qfcotaitry. The comtry oftheaddrcss indicattuiUi this 

BaxisthtagpUcont's State (thatis,countty) <^r&Sidcrteei/hoStatetfreMdencetsmdica^belofwO 


'this person is: 

1 1 applicsmt only 

1 1 applicant and inventor 

1 — 1 inventor only (^^£?c/ieG^^O!X 
1 — 1 is marked, do fu>tfill in below,) 


AppUcnnt'sregistrationNo. with the 0£Fice 


State (dtat is, country) of nationality: 


State (that is, cowriry) of residence: 



This person is applicant i — i all designated i — i all designated States cswopc i — | tt» Uhttcd $taies i — i the States mdlcaied in 
for life purposes of: I i States I I the Uoned Shdes of Amenca I I of America only I 1 th« Supplemental Bcac 



Name and address; (Family najmfoUowedbysivenrramjJbr a legal emity,/iJlqffi 

77t6 address must inctuda postal code and name of cormny. The country cfw address indicated ui Uus 

Boxis^tBapplicant *s State fhatis, country) ofresi^^tKe^Wi^lst^e^dBnG&isindlcatedhetcfw,) 


This person is: 
1 1 ^piicfmt only 

1 [ applicant and inventor 

I — 1 mvsntoroixly f5r/A/^<2A0c/i?'^ox 
1 1 is marked,, do rjQtfiil in below.) 


ApplicanrsreglstrationNo.^itht]ie Office 


State (that is, country) of nationality; 


State (that Is, country) of residence: 



This person is applicant 
far the purposes of: 



□ all desJsnaa:d I — | aJl dcsinnaKd States except 
States L I the United States of Amenca 



□ ihe United States 
of America ODiy 



□ the Sbues indicated ui 
the Supplcmennl Box 



Name and address; (F<nnltynamefolUjw(uibygiyfennam3:Jbralescdcnjdty,fidlo^ 

The address otust include postal code and noma ^comlry, the covamycf the address incScated in this 

Baxi5dactfpticant'sStata(^is,C0untry)tfresidence^n0^ate^resUkni^ism 



Hiis poison is: 
I I applicant only 

I I ^plicant and inventor 
p"^ mventprp] 



(J[fthis chet:k'box 
notfiUbt below,) 



AppUcanfsxti^$crationNo.wiifa1ixfiO£Bc6 



State (that is. country) of nahonality: 



State (that is, country) of residence; 



TOs person is aDDlieani i — l all derigoated | — | all designate States except i — i flic United States I — | tfie States indicated in 
for t&^pos^ oft [ I States | | the Unfed States of America * | | of America only | | the Supplemental Box 



I I Furttxcr applicants and/or (further) inventora are mdieated on another continuation sheet 



Fonn FCT/RO/lOa (contmnation sheet) (March 2001; reprint July 2003) . 
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Box No, V DESIGNATION OF STATES Mark the applicable check-boxes belmv; at least om must be matkBd 



Die foUowing designations arc hereby mado under Rule 4.9(^: 
Regional Patent 

B AP ARIFO Patent: GH Ghana, GM Gambia, KE Kcnya> LS Lesotho, MW Malawi, MZ Mo^Jambique, SJ> Sudan 
SL Sierra Leone, S2 Swaziland, TZ United Republic of Tanzania, UG Uganda, ZM Gambia, ZW Zimbabwe, and any otfae^ 
State which is a Contracting Stale of the Hsiare Protocol and of the PCT (ff other kivd of protection or rreatmeM desire^, 
specif on dotted line) , 



B EA Eurtisian Patent; AM Armenia, AZ Azerbaijan, BYBelarus. KG Kyrgyzstan, KZ Kazakhstan, MD RcpubUc of Moldova, 
RU Russian Federation, TJ Tajikistan, TM Turkmenistan, and any othc^ State which is a Conttacdng StEOS of the Eurasian 
parent Cooveniion and of the PCT 

S EP EuropeanPatcnt: ATAustri^BEBelgium,BGBalgaria.CH&LTSwltje<l8ndandLi 

Republic, DE Gcmiany, DK Denmark, EE Estoni<^ ES Spain, ST Finland, FR France, GB United Kingdom, GR Greece, 
BfOHiingary, JOE Ireland. IT Italy, LULuxcmbouxg,MC Monaco, NL Netherlands, PT Portugal, RO Rotrawia, SE Sweden, 
SI Slovenia, SK Slovakia, TR Turkey, and any other State whidx is a Contracting State of the Emopean Patent Convention 
and of the PCT 

B OA OAPI Patent: BF Burkina Faso, BJ Benin^ CF Central Afncan Republic, CG Congo, CI Cote d'lvoirti, CM Camerooti, 
GA Gabon, GN Guinea, GQ Equatorial Guinea, GW Guinea-Bissau, ML Mali, MR Mauritania, NE Niger, SN Sen^al, 
TD Chad, TG Togo, and any other Stare which is a member State of OAPI and a Contracting State of the PCT {ffother Idnd 
of protection or treatment desired, specify on doited tine) 

National Patent (if other kind of protection or treatment desired ^ectfy on dotted line): 

{B AE United Ajrab Emiiirfes ^ HR Croaiia» gl OMOraan 

^ AG Antigua and Barbuda B HU Hungary H PG Papua New Guinea 

B AL Albania. » * |9 ID Indonesia G3 PH Philippines. 

AM Armenia ^ TL Israel , 1 59 ^L Poland , 

B AT Austria 59 ^^^^ * S3 PT Portugal 

fS AU Australia ^ IS Iceland p3 RO jRomania 

B AZ Azerbaijan ^ SB Japan , IB RU Russian Federadon 

53 BA Bosnia andHej^egovina * B KE Kenya 

0 BB Barbados 81 KG Kytgyzstan B SC Seychelles 

B BG Bulgaria B KP Democratic People's Republic B SD Sudan 

B BR Brazil , of Korea B SE Sweden 

B BY Belarus B KR Republic of Korea B SG Stngc^ore 

B BZ Belize ^ KZ Kazakhstan B SK Slovakia 

B Canada B LC Saint Lucia B SL SiermLeone ,-, 

B CH& LI Swit2serland and Liechtenstein B LK Sri Lanka B ^ Syrian Arab Republic 

B CN China • B LR Liberia B TJ Tajikistan 

B CO Colombia B ^S Lesotho. B TM Turkmenistan 



B TN Tunisia 

B TR Turkey 

B TT Trinidad and Tobago 

B TZ United Republic ofTanzania 
B UA Ukiaine 



B CR CostaRica '^hT Littiuania 

B CU Cuba 1 B LU Luxembourg 

B CZ Czech Republic B L V Latvia 

B Germany B MAMorocoo 

B Demnark , B MD Republic of Moldova, 

B BM Dominica 

B Algeria B MG Madagascar H UG Uganda 

B ^C Ecuador B MK The former Yugoslav Kepublic of B US United States of America 

B EE Estonia Macedonia 

B ES Spain B MNMongolia B UZ Uzbekistan 

B FI Finland B MWMalawi B VC Saint Vincent and the Grenadines 

B GB UnitedKuigdom B MXlVfexicd B VN Viet Nam . 

B GD Grenada B MZ Mozambique , B YU Serbia and Montenegro 

B GE Geoigia B NI Nicaragua B 2SA South AlKca 

Bgh Ghana B NO Norwacy B ^MZambm 

B GMGambia B NZ New Zealand B ZWZfanbabwe 

Check-boxes below reserved for designating States which hove become party to the PCT after issuance of lUis sheet: 

□ □ □ 



Precautionary Designation Statement: In addition to the designaiions made above, the applicant also makes imder Rule 4.9(b) all 
other designadons which would be permitted under the PCT except any dcsignatioti(s} indicated in the Supplemental Box as being 
excluded fiom the scope of this statement Tho app licant declazes thai those addiiioiuil designations arc subject to confirmation and thai 
any designadon which is not conSnned before tho f9q>Tration bf 15 montiia fiom tiie priority dace is to be logarded as withdrawn by the 
applicant at the es^kation of tbat time limit (Conprtmtion fikhtdingfiesj must reach the receMt^Cfflce -mihin the IS-month time iimftj 
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Box No. VI PRTOMTY CLAIM 



The priority of ihe foUovuiag earlier appIication(s) is hereby doinoed: 



Filing datQ 
of earJidx applicatioii 


Number 


Wheni earlier application is: 


national applicabon; 
coimliy or Member 
ofWTO 


icgional s^plicatioa:^ 
regional OERce 


ixxtcmational appHcaiion: 
luceivingC^ce 


item ^'1^ 










item (2) 










item (3) 










item (4) 










itQm<5) 











rn Further piioriQr clabns are Indicated in the Supplemental Box. 



The receiving Office is requested to piepare end transmit to thd Interaationai Bureau a certified copy of Accailicr application(s) (only 
^tks earU&^eq^plicathnyfasfikdwi&i the O^e-wMohfor&ie purpose of this bilernational explication is (he JvceivMg Office) idendfied 
^ove as: 

□ aUitoms □ itemd) □ itetti(2) □ item (3) □ lxttn<fl) □ iiem(5) O s^pil^lntalBax 

* Where the earlier application is an ARIPO explication, indicate at least one comtry party to the Pans Convention/or the Protection of 
Jjndiistrial Property or one Member of t}ie World Trade Organization far which thai earlier application wasffded (Rule, 4.W(b)0i)): 



Box No. Vn INTERNATIONAL SEARCHING AUTHOJRITV 



Choice of Jntematxoiui] Searching Authority (ISA) Of two or more J^semaiianal Searching Authoniies are competent to carry out the 
international search, indicate the Authority chjsem the twa-letier code may be used^t 

ISA/ EP 

Request to use restxlts of earticr searcbi reference to that search (tf an earlier search hoa been carried out by requested Jrom the 
Ihtermiorutl Searching At^iort^): ^ 

Date (day^nthfyecff) Number . Country (cr regioned C(ffk&) 



BoxNo.Vni DECLARATIONS 



The folbwing declarations aro oocrtaixied in Boxes Nos, VllI (i) to (v) (mark the applicable 
chedo'boxes below and indicate in the right cotuirm the number of each type of declaration)'. 



Number of 
dedarations 



□ BoxNcVnUi) 

□ B<»cNo.vm(ii) 

□ BoxNo.Vin{ui) 

□ BoxNo.VUKiv) 
Q Box No. VIA (v) 



Declaration as to the identity of Hud inventor 

Deciaitition OS to the ^^plicant's entLtlemem» as at the international filing 
date, to apply for and be granced a paient 

Dedaraiion as to the applicant's entitlement as at the international filing 
daie, to claim the priority of die earlier applicatloa 

Declaration of inventotship (onfer for die purposes of the designation of the 
United States of Axaerica) 

Peclaraiion as to non-piejudicial dbctosurcs or exceptions to lack of novelty 
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Box No. DC CHECK LIST; JLANGUAGE OF FILING 



Tiiis interoationaJ application contains: 

(a) in paper form, the foJlowing number of 
sheets: 



request ^.^.^..^^uik 
declaration sheets) 



description (excluding 
sequence listings andA>i 
tables related thereto) 



claims 
abstract 
drawings 

Sub-total number of sheets £ 
sequence listings 
tables related thereto : 
ffbr both, actual number of 
sheets if /tied in paper form, 
whether or not also filed in 
computer readable form; 
see (c) below) 

Total number of sheets 



3k 



35 
2 
1 

20 



(b) □ only in computer readable form 

(Section 801(a)(i)) 

(i) □ sequence listings 

(ii) □ tables related tiiereto 

(c) □ also in computer readable form 
(Section SO f(a)(ii)) 

Tv IL'S^A^enpftJi^tings 

(ii) □ tables related'thefctw 

Type and number of carriers (diskette 
CD-ROM. CD-R or otlicr) on vdiich are' 
contained the 



This mtcmational application is accompanied by the followins 
item(s) (mark the applicable check-boxes below and indicate in 
right column the number of eadi item): 

1 . □ fee calculation sheet 

2. □ original separate power of attorney 

3. □ original general power of attorney 

4. □ fOK'^of general power of attorney; reference number, 

5. □ statement explaining lack of signature 

6. □ priority document(s) identified in Box No. VI as 

item(s): 

7. □ translation of intematiopal application into 

(language)', 

9. □ sequence listings in computer readable form 
(inaicate type mid number ofcaniers) 

^ S?f?J^ submitted for fee purposes of mtemational search under 

Rule Uter only (and not as part of the international application) 
° c/iecA-to (bJO) or '(c)(i) is marked in left column) 

additional copies mcludmg, where applicable, the copy for the 
purposes of international search under Rule l^ter ; 

□ together wth relevant statement as to the identity of the copy or 
copies with the sequence listings mentioned m left column • : 



Number 
of items 



(i) 
(ii) 



□ sequence listings: 

□ tables related thereto: 



(additional copies to be ifidicated under 
Uems 9Cii) cmd/or 10(ii). in right column) 



Figure of the drawings which 
should accompany the abstract: 



1 



(iiO 
10. □ 

(i) 
(iO 



tables in computer readable fomi related to sequence listings 
(indicate type and number of carriers) 

^ » Ao!^ purposes of international search under 

□ (oniy where dieck-box (b) fii) or (c)(ii) is marked in left colionn) 
additional copies including, where applicable, the copy for the 
purposes of international search under Section 802(b-5wflrer) : 

□ together with relevant statement as to the identity of the cooy or 
copies with the tables mentioned in left column 



(iii) 

11. □ Qthcx (specific 



Language of filing of the 
international ^plication: 



English 



. SIGNATURE OF APPLICANT, AGENT OR COMMON REPRK 




1 . Date of actual receipt of the purported 
international application: 



• For receiving Office use only , 



3, Corrected date of actual receipt due to later but 
timely received papers or drawings completing 
the purported international application: 



'i7MflV.2003 J 7 / 1 1/0 3 



4. Date of timely receipt of tiie required 
corrections under PCT Article 1 1(2): 



5. International Searching Authority 

(if two or more are competent): ISA / 



□ Transmittal of search copy delayed 
until search fee is paid 



2. Drawings: 
received: 



not received: 




□ 



For International Bureau use only , 



Dale of receipt of the record copy 
by the International Bureau: 
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Box No. tX CHECK LISTj LANGUAGnE OF FILING 



This tnteroational applicadonconfaiits: 

(a) in papcf forro* the foUow'ing number of 
sheets: 



request (including 
declsxsnon sheets) 

description (excluding 

sequence listings and/or 

t£^7les lelatcd thereto) 

claims 

nbstract 

drawings 

Sub-total number of sheets 

sequence lisdngs 

tables related thereto 

(for botk actual number of 
sheets if filed in pnptrform, 
whether or ml also filed in 
computer readable foiw 
see (c) below) 

Total ttumbei* of sheets 



54 



3ff 

2 
1 
20 



(b) □ only in compntci- readable form 

(ScblionSO^fiOa)) 

(i) □ sequence listings 

(ii) □ tables related thereto 

(c) □ also w computer jr«idablc form 

(Section 80I(a)(ii)) 

(i) □ sequence listings 

(ii) □ tables related thereto 

Type and number of carriers (diskette, 
CD-ROM, CD-R or other) on ^vhich are 
contained the 



Q sequence listings: . 
□ tables related thczcto; 



(cds^ticml copies to be Indica^ vnder 
Hems 9(10 2009, ^ cohann) 



Figure of the drawings which 
sliQutd accompany the abstract: 



1 



This intcmadonal applicanon is accompanied by the following 
itein($) (marktlte applicable check-boxes below and indicate in 
right column the number of eacli iterrO: 
1. Q ice calculadoD sheet 

origtna] separate power of attorney 
original general power of attorney 



Number 
ofitems 



2. □ 

4.n 



copy of geaaeral power of attomcy; reference number, 
if any: 

5. □ statement explaining Sack of signature 

6. □ priority documen[t(B) identified in Box No. VI as 

item(s): 

?• □ tnraslation of intcniational application into 

(language): 

9* 01 separate indications concerning deposited microorganism 
01 other biological material 

9. □ sequence listings in computer readable foim 
(Indicate type and ntmber of carriers) 
(i) □ copv submitted for the purposes ofintemational search under 

RiAc titer only (and not as part of die international application) ; 
pi) □ (onfywherff check-box (b)0) or {c)(i) is maHcedittlefl column) 

adddoxuil copjes including, where applicable, the copy for the 
purpo ses of international search under Rulo iZter : 

(iii) □ together with relevant statement as to the identity of the copy or 
copies with tfc^ sequence listmgs mentioned in left column : 

10. □ tables in computer readable form related to sequence listings 

indicate typ6 and number ofaarrien) 

(i) □ copy submitted forxhe purposes of inteniational search under 
Section 802(b-ir*wter) only (and not as part of the intemational 
application) • 

CO □ (onlywhere chech-bax (b)(ii) or(c)(li) is marked in left column) 
additional copies including, wli^ applicable^ the copy for the 
purposes of international search under Section SOlQyquater) : 

(iii) □ together with relevant statement as to the identity of tijie copy ox 
copies with the tables mentioned us left column 

11, O other (spedJiO' * • 



Language of filing of the 

intemationai application; 



English 



Box No. X SIGNAITJBE OF APPLICANT, AGENT OR COlvmONKeFfiES 
/to i&CQg^ jffflMftgR faggggte /ftc name qfihfp6rsons^iif»sa^^^^9^^ ^blOi Otepefisons^ ^suckcc^paa^ isMobviou xJhmrBac&sikBrapiBJ^, 



Massimo Tavella 



1. Paieofacmal receipt of the purported 4 y ^ '^l7yi1/nA 
intemetiooatapplicailotii '1 ^ AiOV 2flfl3 * / ^ 1 « / Uo 


2, Drawmgs: 
received; 

1 1 notrecehred; 


3. Corrected date of actual receipt due to later but 
timely received ps^ers or drawings completing 
the purported International application: 


4» Date oftlmely receipt of the reguiccd 
conections under FCT Article 11(2): 


5. International Searching Authority 

(If two or more are competent): ISA / 


6. 1 — 1 Ttensmittal of sceuch copy delayed 
1 1 until search fee is paid 


Date ofreceiptofthe record copy " , 
by tiie Interaational Bureau: 
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Appncant '^®'^'^Jf.'iS?«« 
Attorney's ref. ML00H11/P-WO 



Free space optical communication 




The present invention relates to optical communications, and more particularly relates to high bandwidth free 
space optical communications. 

The increased need for high bandwidth (high data rate) communication links induced by the recent grovjrth of 
irinterSTnd mobile communications has led to renewed interest in free space optical communicabon 
(55hipr%S sp^^^^^^^ connects", Photonics at work 0.^ber 

^mm. ni^Hnn^ the data are transmitted through a communication link between a transmitting statton and a 
S2Sn«?Sn ?v a lase^ beSi preferably haXnng a wavelength of about 1660 nm without using a physical 
mS urn suSas an o^S fibTor'SrSe.^^^^^ on the weather condfflons. commujcationsl^^^? °T 
a Sance of several kilometres With a bandwidth of up to 2.6Gbits per second Iiave been demonstrated (P.F^. 
I^SSi e al Tey elemertte of high speed WTWI terrestrial free space optical communication systems 
IS?Taoer no 3932-01) Such free space optical telecommunications links are especaliy useful for 
S^neSnKKiies Kg with one another, such as banks and universities In 

SSn areas A^^^^^ application is the high bandwidth live broadcasting of sports events. 

EJarl optical free space communication link can be set up temporanly at low cost 

C) In order to avoid health risks associated With laser, radiation, the laser power has to be low (a ^w mHlivratte) 
^ l^ iS h«=fm diamSer must be large (about several tens of centimetres). To establish an opftcal free space 
and the b^f"^^ ameter ^ J^l^.^^^^ has to be coupled out of an optical fibre nelswork and directed 
SSSmiSsStSls^^^^ direcfy toj-e receiving telescope where the received 

beam has to be concentratad and coupled into another optical neBnork. 

u=h™,= acoeete (rf ooUcal free space communication systems have been described. For example. EP-A- 
Yfc^'Lf £^ ISSlIng replication techniques for the fabrication of optical mmor elements for 

aTa'SSld'SeTSJ^^Sfto^t'^.^rns'mrS^ 

pSaXunlTte moving the opticS! fibre in ""l^" °'„rjSi,f5l2^%tSSar^^^ 
K«^tm";S^en"iilT*^ ??nMSJn.TslbrSui! and hl»^b=nd^ 
optical communication fink. 

US-B-6 411414 discloses an optical Wireless link using wavelength division '^"'"Pj!?^'^^;^^"^;^.^^^^^ 

o ssS^Tai%M'ssj.:^!U5r^^ 

5£«S^d teScSi also to involve complex optical arranasments for handling signals. 
Them Is a need for optical communications temilnals and communteatlons Jf??" •^."ISS'ltlS 

The present — P^f^^^^^^^^ 

the tra-^mlller unit, and drtning a """"S.^^^^ in 

coW - leas, a 

portion of said transmit optical path and/or said receive optical path. 

Preferably, the transmitter unit, receiver unit and beacon detector are disposed at or adjacent the focal plane 
of the optical telescope. 

m one embodiment: the syst«n, the op«^, fjtSjS:' «1immo?'to^S."^^To^'i^"^.^ 
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mirror and the receiver unit, the beamsplitter, in use, passing receiver optical signals along ,the transmit 
optical path to the receiver unit and reflecting beacon optical signals along the beacon optical palh to the 
beacon. 

Preferably, the treuismltter unit includes a plurality of transmitters. 

Preferably, for the or each transmitter an aperture is provided in the first mirror, a separate transmit optlcai 
path thereby being provided from ttie or each transmitter to the optical telescope via a respective aperture. 
Preferably the or each transmitter comprises the terminating portion of a single mode optical fibre, a 
collimating lens preferably being provided at said terminating portion In a respective transmit optical path Jn 
the case of a plurality of transmitters, each transmitter may be fed by tfie same optical signal, or may be fed 
by a different optical signal. In one embodiment, there are three transmitters. 

Preferably the beacon optical path includes a second focussing lens between said beamsplitter and the 
beacon detector. Preferably, the beacon optical path includes a filter system between said second focussing 
lens and the beam detector, the filter system preferably Including, in sequence, a filter passing a first 
predetermined frequency and a neutral density filter. The first predetemiined frequency is, for example, 
83Dnm. 

Preferably the receiver unit includes one receiver for receiving optical signals at a second predetermined 
frequency,' different to said first predetermined frequency, said second predetemnlned frequency preferably 
being 1 160 nm. The receiver may comprise a terminating portion of a multimode opticai fibre. 

In accordance with another aspect of the Invention there Is provided an optical communications terminal, 
comprising- an opticai telescope; a transmitter unit coupled to source of optical signals: a receiver unit for 
receding optical signals; an opbcal system defining a transmit optical path between the optical telescope and 
he transmmer unit? and defining a receive optical path between the optical telescope and ttie transmitter unit, 
arTdTaSsed in that tiie transmitter unit comprises a plurality of transmitters, each transmitter being 
coupled to a respective source of optical signals. 

In accordance with another aspect of the invention there is provided optical free space communications 
sySm, comprising: a firat optical communications tenninal. the first optical communications terminal be ng a 
SS acSrding to any of claims 1 to 30 of ttie appended claims; and a second optical communK:ations 
terminal, the second optical communications temnlnal being a terminal according to any of clainns 1 to 30 of 
appended claims; wherein tfie first optical confimunlcations terminal and ti^« second optca 
Sfmr^SSritions temiinal are an^nged whereby, in use, me transmitter Hf ftJ^*?^ °£ 
communications terminal may transmit said optical signals to ttie receiver unit of *e/econd optical 
Smmunlcatlons terminal and tiie transmitter unit of ttie second opt'f^l communicatans terminal may 
transmit said optical signals to the receiver unit of ttie first optical communications terminal. 

An advantage of ttie present invention is that ttie same optical system that is used to send andre<^ive high 
data rate optical signals Is also used simultaneously by beacon optical signals for pointing, acquisition and 
tracking purposes. 

Anottier advantage is tiiat by disposing a greater proportion of the hardware In or near the focal plane, good 
optical alignment of ttie Tx and Rx beams can be attained and maintained. 

A further advantage is that the use of multiple transmitters and multiple air pattis enables a greater tatel 
SiW^Ssignal to be employed. If several Identical signal beams are sent, ttiere Is less susceptibility to error, 
and if several different signal beams are sent, ttie total data rate is higher. 

Embodiments of ttie invention will now be described, by way of example, wrth reference to the accompanying 
draSTIS^e Stowing, various embodiments are decribed. Including a t^mlnal a^pted to be mounted on 
SiegrSnd (he^er-gro^ demonstrator^. The drawings are briefiy described as follows. 

Fig. 1 : schematic diagram of ftee space optical communlcaCon system. 
Fig. 1.1: Ground Demonstrator Handware Tree 

Fig 3.6 Reception at 1550 nm: spot diagram (only one of ttie 3 beams is shown). 
Fig! 3.7! Transmission of ttie beacon at 830 nm: optical layout 
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Fig. 3.9. Reception of the beacon at 830 nm: optical layout 

Fig. 3.10. Reception of ttie beacon at 830 nm: spot diagram. 

Fig, 1,3. Positions of the optical components (only oneTx Is shown). 

Rg! 1 A. Optical layout of the R-C telescope. 

Fig. 1.5. Telescope Assembly. 

Rg. 1.6. IVIechanical configuration of the Pedestal. 

Rg. 1.7: Indoor Units Hardware Tree. 

Fig. 1 .8: Transmitter functional block diagram. 

Fig. 1.9: RF splitter block diagram. 

Fig. 1.10: Transmitter Laser board electric diagram. 

Fig. 1.11: The beacon laser, PD-LD Ina PL83 series. 

Fig! l!l2: Transmitter case front and rear panel. 

Fig, 1-13: transmitter indoor unit internal cabling. 

Fig l'l4: Receiver functional block diagram. 

Rg 5 9 BER as a function of the extinction ratio at -25 dBm peak received power. 
Rg! 5]lb. BER as a function of the peak received power at 8.2 dB extinction ratio. 
Rg! l!l5: Receiver board electric diagram. 
Rg. 5.12: Receiver case front and rear panel. 
Fig. 5,13: Receiver indoor unit internal cabling. 
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1. Introduction 



Under an ESTEC Study there has been developed a low-cost 
Optics (FSO) communication, for example between collocated 
the use of the light-weight mirrors produced by Media Lario s..^ 
technology, the proposed temilnal presents the following advantages 



llghtvl^eight terminal designed for Free Space 
spacecrafts in geostationary orbit Based on 
rjL, proprietary electroformed replication 



simple design with minimum number of components 
compact and light mass system, based on advantages of Nickel 
large field of view in the focal plane of the telescope 
easy access to focal plane for tracking and communication 
uniform power distribution Inside the transmitted (Tx) beam; min 
high coupling in reception of Rx beam in Rx multi-mode fibre optics 
possibility to usp gimbals systems for Pointing, Acquisition and 
fast tracking devices 

symmetrical system to allow the link beiween any couple of 



PCT/lf'03/o!)742 



replicated minrors 



I purposes 

mum losses 

ics 

Tracking without the necessity to include 
temrilnals of a given constellation 



The ground demonstrator described herein Is based on the selected architectural design developed in the 
Study where appropriate using commercial components with the purpose to demonstrate the function of the 
proposed architecture of the optical head at a low cost and therefore at a low risk. This is a necessary step m 
the development of a low cost light-weight ISL temiinal. 

The following description is of a ground demonstration terminal designed for communication at 2 5 Gbit/s 
between ground stations at a relative distance of 1.1 km. Only minor rnodific^Hons, simplifications and 
improvements have been made compared to the terminal design pbposed for the ISL scenario The mam 
change in the tenninal configuration is relative to the use of "muiti^t^eam transmission (three Tx beams) for 
the Mmpensatlon of atmospheric scintillation. Additionally, some optical bench components in the focal area 
of the telescopes have been adapted with the goal to use the Rlt^hey-Chretien telescopes available from 
Media Lario; for this purpose three additional lenses have been add^d In order to extract the focus and make 
it SceSie to accommodate the Rx fiber optics, the Tx fiber optic^ and the CCD camera. For the usage 
the ground demonstrator under standard atmospheric environment and nominal operatonal conditioris 
(ground application) with the same main technical solutions and concepts relative to the optical components 
and to the telecom equipment as for the Inter^atelllte link scenario, the tracking system has been s mpli^^^^^^ 
it is constituted by simple manual positioners to guarantee correct pointing and tracking only for the short 
periods during the optical verifications. 



A - 
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2. System Architecture 

2.1 Overall Configuration 

Referrina to Fig 1, two terminals, one transmitter and one receiver, consist each respectively of hwo 
subsSems i e\e Outdoor Unit (imposed by the Optical Head and the Pedestal) and the Indoor Unit (the 
TranSr Indoor Unit for the Transmitter Terminal and the Receiver Indoor Unit for the Recewer Temninal). 
The ODtical Head is identical both for the Transmitter Temninal and the Receiver Terminal; it comprises the 
Telescooe which is mounted on the Pedestal that provides manual gimbals movement for the alignment to 
ie SeV terf^^^^^ The Optical Bench Includes all the components in the focal plane of «ie R-C telescope 
The OpS Head is a compact assembly; it will be installed on an exposed site providing the necessary field 
of view with the remote terminal, without obscuration. 

The Transmitter Indoor Unit and the Receiver Indoor Unit are connected respectively to the Transmitter and 
to the Receiver Optical Heads. 

The indoor Units includes all the electtxjnics and the optoelectronics circuits and devices required to supply 
r^Ldr^d pSwer? to the RF signals into the optical one and vice versa and to dnve the lasers. 

2.2 Functional Description ........ u 

The Ootical Head is the core of the free-space connection between two terminals. It is constituted m^nty by a 
RitchejSiS. tSSwpe and by the Spto-mechanical components to transmit and receive the optical 
signals from the Tx fiber optics to the Rx fiber optics. 

ThA Tran.*mitter Indoor Units and the Receiver Indoor Units supervise the operation of the Terminal and 
managl^ tff ci>m^^^^ indoor Units Interface all the electronic sub-systems thnDugh a 

dedicated communication bus. , 
The. in»in *ub.svstems of the Indoor Units are the Receiver Control Beotronics and the Transmitter control 
EtecTon ics tSe^^^^ '"°dules .^spectively by managing the reqU|red pow^ 

SetiaSg a^'dlSe Sntrol signals and by monitoring their operationalparametersh^^^^^^^ faults 
and failures The transmitter control electronics also supervises the operation of the optical amplifier. 
Pointing and acquisition are monitored by the CCD detector (In the Optical Head) and elect-onic^ req^^^^^ 
for rSSn (included in the Receiver Indoor Unit); its goal is the detemnmation of the signal power and 
centroid co-ordinates of the signal collected by tiie CCD camera. 

The Dointinq Is perfonned through the gimbals manual mechanism of the Pedestal on which oPjfif ' ^1^^. 
?moSd bSsed ol^e maintenance of the signal received by the CCD camera on a reference position set 

under laboratory conditions. 

The acquisition is performed automatically once the pointing has been pertom^ being the transmitter and 
the receiver optical axis of the terminal set parallel under laboratory conditions. 

Apart r»m 9!^^1^,<-:£S' ."H^^X^ S^:^ SSf=an?«?,SS 
moved from 

performance 



*ei SSns so ttiat typical experimental tests will be set wrth the goa^^ to test ttie optical 
and the characteristics of ttietenninai, Its stability and its degree of optimisation. I 



2.3 • interfaces 

The Terminal possesses the following interfaces: 
Optical interface 
RF Interface 

• Power supply and grounding 

• Mechanical mounting 

• A brief description of the various interfaces Is provided below. 




lermlaal has bean partbnned assummg «,at no prctec«ve QpHcal 9l.« ««1 be 



from mechanical obstructions. 
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2.3.2 RF Internee 

The clock and data RF signals at both receiver and transmitter are connected to the indoor unit through 
standard SMA connectors. See Section 5 for more details. 

2.3.3 Power Supply Interface 

Each indoor unit can be supplied either at 230 Vac or 12 Voc- The CCD camera Is separately supplied at 12 
Vdo whereas the frame grabber is directly supplied by the PC. See Secfion 6 for more details. 

2.3.4 Mechanical Interface 

The optical head Is mounted on the interface plate of the pedestal through 6 screws M6. 
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3- Optical Head 

3.1 Overview on the Optical Head Configuration 

The Optical Head configuration (the same for the Transmitter Temiinal and for the Receiver Temiinal) Is 
shown and F'q. 1.2. 
The fono>wing apply: 

• One telescope is used as transmitter and receiver at the same time. 

. In the focal plane of the telescope a series of optical components allow simultaneously to transmit and to 
receive optical signals at the identical wavelength of ^ = 1 S50 nm at a data rate of 2.S Gbit/s. 

. one beacon at a wavelength of 830 nm is used for pointing and acquisition purposes. Its divergence is 
SSy?SSn4edlriarge as 3.0 mrad. It Is transmitted thhDugh a separate simple lens with us^l 
optical diameter of 9 mm. 

. ■ in fhe focal Diane of the R-C telescope the Rx signals at 830 nm and 1550 nm are separated by a 
h»^.lEr and dl?e«^ to m?CCD and to the multi-mode fiber optics respectively. An addibonal 
Sr thret smSrhoTeHep^ the Rx section (CCD and Rx multi-mode fibe^ 

^il Si25 umWro^lhrTxIaser beams (ftill beam divergence » 190 jxrad @ 1/e2 power angle; 
Sen^ = iSo nmT power cfTmW out oi each of the three Tx single-mode fiber optcs) assunng 
optical isolation. 

. The utilization of three transmitters reduces greatly the fluctuations of the Intensity of the Rx beam 
caused by the turbulence of the atmosphere. 

. Throft srhromatic doublets (diameter 25,4 mm) are used to extract the focus from the vertex of the 
Smlry rSrrt alJa fn STe Sck part of the telescope where the optical components can be 
accommodated. 

. The optical components are mounted on translation and rotation stages to allow their con^ol fixation and 
alignment 



3.2 Optical Design 

3.2.1 Optical Design overview 

The optical design has been pertonned under the geometrical approximation. 

3.2.2 Beams size and shape 

the CCD camera for the beacon at 830 nm). u - t ki« 

The calculations have been perfbmied under the physical Gaussian approximation . and are shown m Table 
3.1 below 



Beam position 




X^'ISSO nm 
Beam shape 


XbIssO nm 

Beam size 

@13%(1/e^)peak 
power 




Beam ahape 


\ = 830 nm 
Beam size 

@ 13% (1/e^) peak 
power 


At the Tx fiber 
optics of the 
beacon 




NA 


NA 




Gaussian 


5 |mi 



i"the data reported for the 1560 nm are relative to each of the three Identical beams of the main channel. 
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Beam position 


1SS0 nm 
Beam shape 


oe< 

P 


550 nm 

iin size 
(1/e^) peak 


% - 830 nm 


K = 830 nm 

@13%{1/e^)peak 
power 


At the Tx Beacon 
Simple Lens 


NA 




NA 


Gaussian 


9 mm 


At the Tx fiber 
optics of the main 
beam {1550 nm) 


Gaussian 


1 

1 


0 |im 


Gaussian 


5 [xw 


At theTx 
coltimation lens 


Gaussian 


0. 


9 mm 


NA 


NA 


At theTx Hole 
mirror 


Gaussian 


0, 


9 mm 


NA 


NA 


At theTx Relay 
lens 


Gaussian 


0. 


9 mm 


NA 


NA 


At theTx 
telescope 
secondary mirror 


Gaussian 


; 


; mm 


NA 


NA 


At theTx 
telescope primary 
mirror 


Gaussian 


1 


2 mm 


NA 


NA 


AttheRx 
telescope 


Gaussian 
(see Fig. 3.4) 


2- 


2 mm 


oircuisr f uniToi III 
(see Fig, 3,8) 


OwV/^ II 11 II 


AttheRx primary 
mirror 


Elliptical 


125 mm X 190 mm 

i 

1 


Circular, uniform 


200 mm 


At the Rx 
seconoary rnirror 


Elliptical 


30 mr 


1x48 mm 


Circular, uniform 


SO mm 


At the Rx Relay 


Ellipttcal 


9 mn 


1 x 14 mm 


Circular, uniform 


16 mm 


AttheRx 
Focusing lens for 

Oww mil 


NA 




NA 


Circular, uniform 


IS mm 


At the filter 830 nm 


NA 




NA 


Circular, uniform 


8 mm 


At the CCD 


NA 




NA 


Circular, uniform 
(see Fig. 3.10) 


22 ixm 


AttheRx 
Focusing lens for 
1550 nm 


Bliptlcal 


9 mn 


\ X 14 mm 


NA 


NA 


AttheRx fiber 
optics 

(at best position, 
Le. 31^7mm 
from focusing lens, 
La 200 nm In 
extrafocal position) 


Circular, uniform 
{see Fig, 3.6) 




12 lun 


NA 


NA 


At the Rx fiber 
optics 

(at 31,127mm 
from focusing lens, 
I.e. 100 nmfrom . . 
focal position and 
100 wn from. fibeL^ 


Circular, uniform 


45 |j.m 


NA 


NA 
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Beam position 



optics position) 



^sisso nm 
Beam shape 



X s 1S50 nm 

Beam size 

@13%(1/e^) peak 



power 



X = d30 nm 
Beam shape 



X- 830 nm 

Beam size 

@ 13% peak 
power 



At the Fbc fiber 
optics 

(at telescope focal 
position, I.e. 
31.227mm from 
the focusing lens) 



Circular, unifomi 



70 Jim 



NA 



NA 



Table 3.1. Beams shape and size. 



3.2-3 Beams divergence 

The divergence of the beams during the free-space propagation is reported in Table 3.2. For the 1560 nm 
beams it Is determined by diffraction, while the divergence of the beacon is due to the positioning in inb-afocal 
position of the transmitler fiber optics. 




Divergence of the main beams at 1550 nm 


190 ixqad 


Divergence of the beacon at 830 nm 


3.0 mrad 



Table 3,2. Beams divergence. 



3.2,4 Fields Of view & vignetting \ 

The field of view of the Rx fiber optics has a size (diameter) of 1 00 mrad. ' 
The field of view of the CCD camera is 13.0 x 8.6 mrad. 

The optical components and their mechanical supports have been dimensioned so that no vignetting is 
present in a field of view of 8 mrad, both in the focal plane of the Rx fiber optics and In the focal palne of the. 
CCD camera. 

The system Is expected however to operate only on axis: in fact any tip/tHt of the telescope will be 
compensated by the gimbals of the pedestal to maintain the coupling of the signal In the Rx fiber optics. 

3«2.5Beams position (X, Y, Z!) ' 

The position (transversal X and Y with respect to the optical axis of the Rltchey-Chretfen telescopes) of the 
centres of the beams has been evaluated along their path at the main planes, and reported in Table 3.3. The 
Z axis has been defined in the direction of the link; the Y axis is In the opposite versus (same direction) of 
gravity. 

Table 3.4 shows instead the beam characteristics at the receiver fiber optics. 



Evaluation plane 




X = 1550 nm 

Beam transversal 
position X with 
respect to optical axis 


X.~ 1550 nm 

Beam transversal 
position Y v/fth 
respect to optical 
axis 




X = 830 nm 

Beam 
transversal 
position X 
w.r.t. optirai 

axis. 


X = 830 nm 

Beam 
transversal 
position Y 
w.r-t. optical 
axis 


At the Tx fiber 
optics of the 
beacon ^ , 




NA 


NA 




+123.7 mm 


+123.7 mm 


At the Tx fiber. , 
optics of the main 
beam (1550 nm) 




Beam 1: 0 mm 
Beam 2: +5.187 mm 


Beam 1: -5.99 mm 
Beam 2: +2.995 mm 




NA 


NA 
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Evaluation plane 




X = 15SQ nm 

Beam transversal 
position X with 
respeci lo opiicai axis 


A. = 1S50 nm 

Beam transversal 
position Y with 

axis 




X = 830 nm 

Beam 
transversal 
Dosition X 
w.r.l optical 

axis 


X = 830 nm 

Beam 
transversal 
DOsition Y 
W.r.t. optical 
axis 






Beam 3: -5.187 mm 


Beam 3: +2,996 mm 








AttheTx 
tefescope primary 
mirror 




Beam 1: 0 mm 
Beam 2: -69 mm 
Beam 3: +69 mm 


Beam 1: +80 mm 
Beam 2: -40 mm 
Beam 3: -40 mm 




NA 


NA 


AttheRx 
telescope 




Beam 1: 0 mm 
Beam 2: -69 mm 
Beam. 3: +69 mm 


Beam 1: +80 mm 
Beam 2: -40 mm 
Beam 3: -40 mm 




+123.7 mm 


+123.7 mm 


At the CCD 

(at best position, 
ue. 18.2 mm from 
the focusing Jens, 
i.e. 200 p,m In 
exiraiocai posiuon^ 




NA 


NA 




+55.5 |Jim 


+55.5 Jim 


AttheRx fiber 
optics 

(at best position. 
I.e. 31.227 mm 
from the focusing 
lens, i.e. 200 pim in 
extrafocal position) 




Beam 1: 0|im 
Beam 2: -29 ^m 
Beam 3: -29 ym 


Beam 1:+34|Am ' 
Beam 2: -17 i*m 
Beam 3;-17|xm 




NA 


N/k 


At the Rx fiber 
optics 

(at 31.127 mm 
from the focusing 
iens» i.e. 100 |jim 
from focal position 
and 100 p.m from 
fiber optics 
position) 




Beam 1: 0 |j.m 
Beam 2: -22 nm 
Beam 3: -22 tim 


Beam 1 : +26 (xm 
Beam 2: -13 jjim 
Beam 3: -13 jim 




NA 


NA 


AttheRx fiber 
optics 

(at telescope focal 
position, I.e. 
31.227mm from 
the focusing lens) 




Beam 1: 0 jxm 
Beam 2: -16 ^im 
Beam 3: -16 |im 


Beam 1:+19|im 
Beam 2: -10 iim 
Beam 3; -10 jjim 




NA 


NA 



Table 3.3: Beams position 
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Evaluation plane 


Final Beam size 


Schematics of the focal 
plane 


Coupling efficiency 
into multi-mode 
fiber optics 

0 = 60 fxm 


At the Rx fiber 
optics 

(at best position, 
i.e. 31.227 mm 
from the focusing 
lens, I.e. 200 In 
extrafocal position) 


[50^inaimfaclurin3'*'22^apilcal desiflnr'^ 

55 [Lvn 




0.22 


At the Rx fiber 
optics 

(at 31 .127 mm 
from the focusing 
lens, i.e. .100 fxm 
from focal position 
and 100 njn from 
fiber optics 
position) 


L^^ mantifaciunng^^*^ optical designJ 
67 Jim 




0.34 


At the Rx fiber 
optics 

(at telescope focal 
position, i.e* 
31J227mm from 
focusing lens) 


[SO^manufacturing'**70^op«csfl deslgn]^^ 
86 (im ■ 




0.34 





Table 3.4: Rx fiber optics reception plane. 



3.3 Telescope Pocal Plane 
3.3.1 The Optical Components 

3.3,1,1 ' Position of the Optical Components 

The position of the optical component Is presented in Fig. 1.3 here below. 
The following should be noted: 

• The focus of the 830 nm beacon is focalised shifted (Ax= +55|xm; Ay«+55 fxm) with respect to <^f"^i^ 
of the CCD. His Is due to the fact that the optical axis of the Tx beacon is shifted (Ax= +123.7mm, 
A5F+123.7mm) with respect to the optical axis of the Tx Ritchey-Chr^tien telescope. 

• The fiber optics of the Tx beacon is 0.841 mm in intrafocal position to Increase the divergence of the Tx 
beam; back focal length of the beacon lens is 45.641 mm at the reference wavelength of 830 nm, 

• The focal plane where the Rx fiber optics is placed (18.0 mm from the filter) Is the plane when a 
coilimated beam Is collected by the Rx telescope. 

• The three arms of the spider do not intercept radiation of the three Tx beams which are placed at 60 deg 
Wti respect to the beams. 
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3.3.1.2 The R-^C Telescope 

The telescope is a Ritchey-Chretlen reflector (cf. Fig. 1.2 and Fig. 1.4) desfgned to have reduced dirnenslons, 
a large field of view and the possibility to accommodate the needed optical components In its focal plane. 

The telescope optical and dimensional characteristics are reported here below: 
Optical configuration: Rltchey-Chritien 

Primary rnirror. Diameter = 200 mm (hole diameter = 20^mm) 

Radius of cun/ature = 31 S.8 mm concave 
Conic constant = 1 .0667 (hyperbola) 

Secondary minron Diameter = 52 mm 

Radius of curvature 1 10.8 mm convex 
Conic constant = -4.573 (hyperbola) 

• Distance be^A/een mirrors 120 mm 

Distance betwreen secondary mirror and focal plan© « 120 mm (without additional optical components in 
the focal plane) 

• Effective focal length of the telescope = 500 mm 

• Effective numerical aperture = 0.2 
Effective focal nai3o = fyzs 

• Coating of primary and secondary mirrors = gold 

Reflectivity of the gold layer (at ^ » 1 650 nm and' X = 830 nm) - 98% 

The telescope assembly is a compact unit, which can easily be handled without significant risks. In order to 
minimise the influence of the mechanical Interface and envlnDnmental conditions, the telescope Is mounted to 
the optical bench by means of three stainless steel blades distributed at a distance of 120'' around the outer 
edge of the telescope. The blades are attached to the spider on one side. The blades are arranged such that 
the stiffness In tangential and longitudinal dlrBction of the mirror Is high while the stiffhess in the radial 
direction Is low, thus allowing for nearly unconstrained thermal expansion. 

The telescope mechanical configuration is depicted in Fig. 1.5. 



3.3.1.3 Relay Lens and the Focusing Lenses 

The Relay Lens and Focusing Lenses are achromatic doublets introduced in the optical head to extract tiie 
focus of the Ritohey-Chr6tien telescope from its inner position to an outer position to accommodate the 
componentsof the focal plane. 

These lenses are identical. They have been designed for this specific purpose; additionally the beam 
emerging from the Relay Lens is collimated with advantages during its integration and for Its propagation 
through the beamsplitter. 

Avaiiabllily: the Relay Lens and the Focusing Lenses are available from China Daheng Corporation (China). 
The technical characteristics of this specific product are the following: 
Type: cemented achromatic doublet 
Materials: LAKN22 and SFL6 
Diameter 25,4 mm +0.0 / -0.2 mm 
Clear aperture: 23 mm 
Radii: 25mm, 18 mm, 81.66 mm 
Central thicknesses: 9 mm and 3 mm ± 0.1 mm 
Surface quality: 60-40 

Focal length: 48 mm ±2% . 
Surface figure: 1 .5 >w (vis) 
Coating: AR at 1 650 nm 
Back focal length @x«issanin = 31 mm 
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3.3.1.4 The Ho!e Mirror 

The Hole Mirror has the purpose to reflect the Rx radiation at 830 nm and 1550 nm respectively to ihe CCD 
and t7the iS fiber optics, while the Tx radiation is transmitted through th.ree holes of 3 mm in 

d iameter of the mirror itself. 

The amount of Rx power blocked by the holes Is about 0.6 dB. 

The Hole Mirror optical and dimensional characteristics are reported below: 

Coating: gold 
■ Diameter. 50 mm 

Number of holes: 3 
♦ Holes diameter 3 mm 

Availability: the Hole Mirror Is available from Gestione Silo S.rJ. (Italy). 

3.3.1.5 • The Beamsplitter 830/1550 nm 

The Beamsplitter has a coating on the 45^ facet so to reflect the 830 nm received signal to the CCD. and to 
transmit the 1550 nm signal to the Rx fiber optics. 

The Beamsplitter optical and dimensional characteristics are reported below: 

Availability: the Beamsplitter has been purchased from Optarius (UK), It has the following optical and 
dimensional characteristics: 
Part Number: 47-7437 
Longpass Filter 
50% point 900 nm 
Transmission at 1550 nm: > 80 % 
Reflection at 830 nm: > 80 % 
Angle of Incidence of 45** 

Material: Borofloat Glass (BK7 in Zemax simulation) 
Diameter 50 mm -^OZ-O.S mm 
Thickness: 5 mm 
Flatness: X/10 @ 632 nm 
Surface quality: 20-10 



3.3.1.6 Ty CQllfmation Lens 

The Tx Colllmation Lens is a small lens placed just In front (3.644 mm) of each of the three Tx fiber optics to 
make the signal more converging (full beam divergence = 190 i^rad @ 1/e^ power angle) In this way ttie Tx 
beams, whose divergence Is due mainly to diffraction effects, have a very well con-ected Gaussian profile. 
Advantages of this 
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the obscuration of the secondary mirror is avoided. 

Availability: the Tx Colllmation Lens is available from Edmund Scientific (USA). The technical characteristics 
of this specific product are the foliowing; 
Code: A45-976 
Type: plano-convex lens 
Material: LaSFN30 
Diameter. 3 mm +0.0/-0.05 mm 
Clear aperture: 2.5 mm 
R1 (towards fiber optics): infinity 
Central thickness: 1.8 mm ± 0.1 mm 
R2: 3.62 mm 
Surface quality: 60-40 
Focal length: 4.5 mm ± 2% 
Centring Tolerance: 3-6 arcmin 
Bevel: 0.1x45' 

Coating: Telecom NIR (1250 nm - 1600 nm); reflection < 0.5 % 
3 3 1.7 Ry MM fiber optics 

The Rx MM fiber optics is a standaid multi-mode fiber optics used for telecommunication, 
its optical and dimensional characlertetics are reported here below: 
Coming® 50/125 
Type: multi-mode graded index 
Operating wavelength: 400 - 1 800 nm (used at 1 SSO nm) 
0c«e " 50 nm ± 3 iun 

0daddinB = 125jAm 

Numeric Aperture (N A) = 0.2 ± 0.015 
Connector. FC/PC 

Availability: this fiber optics Is manufactured by Coming (USA) and bought by ML at LIGHTECH (Italy) 

3 1 8 Tx SM fi ber optics for 1 550 nm 
The TX SM fiber optics Itor ttie transmission of the 1550 nm signal Is a standard single-mode fiber optics used 
for telecommunication. 

Its optical and dimensional characteristics are reported here below: 
. Coming"^ SIWF-28™ 
• Type: single-mode 



Applicant: 
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• Operating wavelength; 1260 - 1600 nm (used at 1650 nm) 

0modB®>.- 1S50 nm = 10-4 ±0-8 f*m (well fitted with a Gaussian profile with 0i>ewn waist = 10 (xm) 

• 0ci;»<jciin9-125|xm 

• N. A.@ X « 155Q nm @ ite power angle " 0.094 

*. Attenuation with bending diameter of 32 mm: < 0.6 dB 
Connector FC/PC 

Availability: this fiber optics Is manufactured by CORNING (USA) and bought by LIGHTECH (Italy). 
3*3. 1»9 Tx Beacon Simple Lens 

The beacon is transmitted through a simple objective lens placed outside the R-C terminaL The divergence of 
the beacon of 3.0 mrad (full beam divergence @ 1/e^ power angle) is obtained by positioning of the fiber 
optics through which the beacon is emitted In intrafocai position. 

Availability: the Tx Beacon Simple Lens ' is available from Edmund Scientific (USA). The technical 
characteristics of this specific product are the following: 
Code: A45-486 
Type: plano-convex lens 
Material: BK7 

Diameter: 12 mm +0.0 / -0.1 mm 
Clear aperture: 1 1 mm (9 mm with mounting rings) 
R1 (towards fiber optics): infinity 
Central thickness: 2.5 mm ± 0.1 mm 
R2: 24.82 mm 
Surface quality: 60-40 
Focal length: 48 mm ± 2% 
Centring tolerance: 3-5 arcmin 
Bevel: 0.1x45* 

Coating: \flS-NIR (350 nm - 1050 nm); 0.5% reflection at 830 nm 
Back focal length <a%=632 wi 46.194 mm 
Back focal length ^ ^ = eao nm - 46.641 mm 

Fiber optica position for 3.0 mrad beam divergence ^ = bsd nm ® povror anste" ^^-8 nni^ back lens 
surface. 

3,3.1.10 Tx SM fiber optics for the beacon at 830 nm 

The Tx fiber optics through which the beacon Is emitted is a standard single-mode fiber optics used for 
telecommunication. 

Its optical and dimensional characteristics are reported here below: 
Siyfl'^ FS-SN-4224 
Type: single-mode 

0nioda<S;^e83OnJD = 5.5 pjn ± 0.5 [Am 

Operating wavelength: between 780 nm and 1020 nm (used at 830 nm) 
0cterf«ng = 125|im 

N.A.@ S30 rtrti ® 1/0^ powcrongla = 0.094 

|\/linimum bending mechanical diameter. 25 mm 
Connector FC/PC 

Availabili^: this fiber optics is manufactured by 3M (USA) and bought from LIGHTECH (Italy). 
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3.3.1.11 Filter 83Qnm 

The high sensitivity of the CCD camera -95 dBm/px at 830 nm) requires avoiding as much as possible the 
presence of background radiation. 

An iR band bass rejection filter has been therefore selected to be placed In front of the CCD. 
Considering that: 

,r ^the stability of the wavelength of the selected 830 nm Tx laser is ±1 0 nm 

^ the tvpica) tolerance of the central wavelength of this is type of filters Is about ±10 nm . 
* the typical tolerance of the band pas s (f\NHMD of this is type of filters is about A10 nm 

the filter band pass has been selected with enough band width (FWHM = 50 nm) to cover the above 
tolerances, but not too large to avoid radiation from backoround. 

Availability: the Filter 830 nm is available from Optarius (UK). It has the following optical and dimensional 
characteristics: 

Part Number 47-7436 
Band pass Interference Filter 
Central \A^veIength: 830 nm *8 nm 
FWHM: 50 nm ±10 nm 
Peak transmission: >60%@, 830 nm 
Angle of incidence; 90' 

Material: Soda Lime Glass (BK7 in 2EMAX® simulation) 
Blocking OD>4 from 200 nm to IR (reflectance > 99,9% @ 1650 nm) 
Diameter; 25 mm +0 / -0^5 mm 
Thickness: 3 mm 
Flatness; A/10 @ 633 nm 
Surface quality: 20-10 

3.3.1 .12 Neutral Density Filter 

The high sensitivity of the CCD camera -Q5 dBm/ox at 830 nm^. the background radiation of the sky and 
the htdh Intensity of the radiation of the beacon require the utitfsatlon of a fitter to reduce the intensity of the 
radiation collected by the CCD camera. 

An neutral densHv filter (In addition to the band pas s filter at 830 nm^ has been therefore placed in firont of the 
£CD, 

Ayailabllftv: the Neutral Density Filter i s available from Newport (USA\ It has the foUowtno ODfacai and 

dimensional characteristics: 
Pari Number: FSR-^ODSQO 



Neutral Density Filter 



Surface flatness: < 1 X at 632.8 nm over the clear aperture 



Diameten 26>4 mm (clear aperture > 20,3 mm> 



Wedge: < 3 arcmin. Thickness: 2.5 mm 



3.3.1.13 The CCD Camera 

The selected CCD has been chosen being available as off-the-shelf equipment while being sensitive at 830 
nm wavelength (after removal of the internal IR cut filter). 
Avaiiabiiiiy: the CCD Camera has been purchased from Sony (USA). 
Its main characterfstlcs are reported here below: 

Model: XC-75C E Hntemal IR cut filter removed^ | 

Sensing area: 752 x 682 pbcels - 5,6 x 4.3 mm (h x v) 

Pixel sizel' 8.6 x 8.3 .nm (h X v) 

Weight 140 g ... 

Lens* mount C-mount (0 25.4 mm; 32 tpi) 

Spectral resppnsei '4^ 

Response at 830. rim with nespect to peak response (at 500 nm); 1S% (Inliemal IR cut filter removed) 
Minimum illuminatio n fCnternat IR cut filter removedV 0.6 be (p- -95 dBm/px at 830 nm) 

Applicant Medid Lario 9.r.L. 
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• Manual gain control: yes 

3.3.2 The mechanical su pports 

3.3.2.1 Supports for the Relay lens 
The relay lens is mounted on: 

• Translating lens mount for r opHcs, manufectured by Thorlabs Inc. (USA), code LM1XY/M, catalogue 
2003 page 117, that allows translation adjustments of ±1 mm in x and y. 

• Single axis steel translation stage, manufactured by Melles Griot (USA), code 07TES502 side drive, 
catalogue 2003, page 28.6, that allows translation of ±3 mm in z. 

3.3.2.2 • Supports for the Hole Mirror 

The Hole Mirror Is mounted on: . 

• Lens mount for 2' optics, manufactured by Thorlabs Inc, (USA), code LMR2/M, catalogue 2003, page 97. 

• Two single axis steel translation stages, manufactured by Melles GrIot (USA), code 07 TES 502 side 
drive, catalogue 2003. page 28.6, that allows translation of ±3 mm in x and y. 

3.3.2.3 Supports for the Tx SM fiber optics for 1550 nm and for the c olllmation lens 

Each of the three Colllmation Lenses is mounted inside a cylindrical tube connected to the con-Qsponding Tx 
fiber optics. These three systems are then inserted inside a larger tube that Is mounted on: 

• Gimbal mount for 1" optics, manufactured by Thorlabs Inc. (USA), code GM100/M, catalogue 2003, page 
84, that allows tip/tilt w ith resolution of about 2S arcsec. 

3.3.2.4 Supports for the Beamsplitter 830/1560 nm 

The Beamsplitter is mounted on: * ^ 

• Lens mount for 2' optics, manufactured by Thorlabs Inc. (USA), code LMR2/M, catalogue 2003, page 97. 

3.3.2.5 Supports for the Focusing Lens of the CCD 
The Focusing Lens of the CCD Is mounted on: 

• Translating lens mount for r opflcs, manufactured by Thorlabs Inc. (USA), code LM1XY/M, catalogue 
2003, page 117, that allows translation adjustments of ±1 mm In x and y. 

3.3.2.6 Supports for the Focusing Lens of the Rx fiber optics 

The Focusing Lens of the Rx fiber opflcs Is mounted on: ^ . . , ^, 

• Translating lens mount for 1" optics, manufactured by Thorlabs Inc. (USA), code .LM1XY/M. catalogue 
2003, page 1 17, that allows translation adjustments of ±1 mm in x and y. 

3.3.2.7 Supports for the Filter at 830 nm and the Neutr al Density Filter 
The filters are mounted on a holder connected to the CCD camera 

3.3.2.8 Supports for the CCD camera 

The CCD camera Is mounted on: , »^ ^ . 

• Single axis steel translation stage, manufactured by IVIelles Griot (USA), code 07TES502 side drive, 
catalogue 2003, page 28.6, that allows translation of ±3 mm in z, 

3.3.2.9 Supports for the Rx fiber optics 

The Rx fiber Optics Is mounted on: ^ 

• Fiberadapter,manufactyredbyThorlabs(USA),codeSM1FC,catalQgue2003,page116. 

. Translation stage, manufactured by fhorlabs (USA), code STIXY-S/M. catalogue 2003, page 123, tiiat 
allows translation of±3.25 mm In X and y. ,j ^• 

• single axis steel translation stage, manufactured by Melles GrIot (USA), code 07TES502 side dnve. 
catalogue 2003, page 28.6, that allows translation of ±3 mm in 

3 3 2,10 Su pports for theTx Beacon Simple Lens 

The Beacon L^ns Is mounted inside a cylindrical tube attached to tiie vertical plate of the optical head. 

3 3 2.11 gup ports for the Tx SM fiber optics of the be acon at 830 nm. 
The Tx fiber optics of the beacon Is mounted on: 
Applicant: Media Uario s.r.U. 
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. t^l r S5r— .T^g^ ^nL.U«<. ^ (USA). 07TES502 .We dHve, 

2003, page 23.6, that allows translation of ±3 mm in Z. 

hi^ ;. .SKi^^ g::^f^?^ H in W o f t h . TV ^.r opt. OS Has ^e ^^ if needed 

in ^vfi^sive .^ Hi^tinn fmm ^xt^msl sources not considered In the current analysis wiW 
grevent the r-oireot performance of the svstefn. 



Madia Lailo 6J.L. 
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4. Pedestal 

The Pedestal >s the support on which the Optical Head Is mounted. 
Itisverysaffandheavyandprovfdesftiereforeastablesupportforlheopticalhead. 

The pedestals pro^.de an -imujh andejev^^^^^^^ raMS^fl^^^^^ S^^^^SUo^'S'^d^^^^ 

the operatkanal field tests. n^w«=fe.i 
The interface between the pedestal and the optical head Is the horteontal f "minium plate of the Pedestal 
5^ 6 hdes 0l!^ mm) and tfie base plate of the Optical Head (with 6 holes M8). 
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5. Indoor Unit ' 

The present section describes the design of the optoelectronic equipment required by the ISL gnaund 
demonstrator. 

The desiqn is based on off-the-shelf components as far as possible. . , . ^ 

The Sare tree of the optoelectronic equipment is shown in Fig. 1-7. It mainly consists .n three secUons. 
. ThB transmitter unit consists in two RF splitters that divide the input dock and data into bvo pairs of three 
SenS sTgnSs that In turn are applied to three transmitter lasers. The unit also contains the beacon 

. The receiver unit contains the receiver that converts the input optical signal into the RF doclc and data 
signals. 

• The CCD camera and the frame grabber . 



5.1 Transmitter Unit 

The hinck diaaram of the transmitter unit is shown in Fig. 1.8. The input dock and data RF signals are split by 
Kp"SS.eS2s in tSo pair^ of three identical signals that in turn are,applied to three transmitter lasers. 

The transmitter unit also contains the beacon laser. 

As an option an external off-the shelf optical amplifier can be used on one ct^nnel. in Wis the other tNo 
ch^nTare sStohed off. The optiSal amplifier is considered an instrument rather than part of the 
optoelectronic equipment. 

S.1.1 Radio Frequency Splitter . . . , u ■ 

TWO passive identical RF 1 :4 splitters btb used to split the clock and the data signals ^^"rf'f "^^^^^ 
of Se channels Is not used and terminated by a 50 Cs Impedance, A block diagram of each splitter is shown in 
Enorl Reference source not found.. 

The onV main design challenge related to the splitter is the requirements to reduce to minimum the relative 
phase shift of the signals in the different splitter arms. 

S.1J2 Optical Transmitter 

Each of the three optical transmitter is made by an off-the-shelf transmitter laser mounted, by soldering, on 
a custom t)oard. 

5.1.2.1 Transmitter Laser ' 
The technical specifications of the laser transmitter. Photon- Technology PT9552-S-10-AA-FC are i^^^^ 
V^^riS^5^\^h^^sl^ pin out is reported in Table 5.2. It is a complete 24 pins transmitter tha converts the 
SpuT iS^ dik arI5?J2 siSn^s ?nto a modulated 1550 nm laser beam launched into a single mode fiber 
optics pigteil. 



AnnlTnank 
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Parameter 


Conditions 


Value 


Unit 


Optical 


Mean launched power 


50% dtlty cycle 


0 


dBm 


Wavelength 




1500-1580 


nm 


Line width 


-20 dB 


0.5 


nm 


Extinction ratio 




8.2 


dB 


Optical rise and fall time 


From 20% to 80% 


150 


ps 


Fiber optics connector 




PC 




Electrical 


Bit rate 




50-2600 


IWb/s 


RF clocK and data voltage 


Peak to peal< 


0.2-1.6 


V 


input inripedance 




SO 




supply voltage 


Direct current 


5 


V 


Power consumption 




1.5 


w 


Miscellaneous 


Dimensions 




68.5x35.6x12.6 


mm^ 


Operating temperature 




0-65 





Table 5,1. Specifications of the Laser Transmitter, Photon Tech. i=T9652-6-10-AA-FC. 



P!n# 


Description 


Pin# 


Description 


1 


Not connected 


13 


Power supply 


2^ 


• Back facet monitor 


14 


Not connected 


3^ 


Laser diode monitor 


15 


Ground 


4=^ 


Laser diode shutdown 


16 


True data input 


6^ 


Clock mode select 


17 


Ground 


6 


Ground 


18 


False data input 


7 


Not connected 


19 


Ground 


8^ 


APC failure 


20 


True dock Input 


9 


Not connected 


21 


Ground 


10 


Not connected 


22 


False clock input 


11 


Not connected 


23 


Ground 


12 


Not connected 


24 


Power supply /< 



Notes: 1 ) Voltage at pin #2 expresses photocurrent as V2 mA. 

2) Voltage V3 at pin #3 expinesses bias current as SO-Vs mA. 

3) TTL Input diode laser is shutdown If Input Is high. 

4) TTL Input retiming function is disabled if input Is high. 

5) TTL output Automatic Power Control failed if output Is high. 

Table 5.2. Pin out of the Laser Transmitter, Photon Tech. PT9552^10-AA-FC, 




5,1.2.2 Transmitter Laser Board 

The transmitter board electric. diagram is shown in Fig. 1.10. Two switches are foreseen on pins #6 and #6 
whereas two output buffers on pins #2 and #3 allow the possible readout of the laser bias and laser current 
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5.1.3 Beacon Laser Subassembly ! 

The beacon laser subassembly is made by an off-the-shelf lasei^ mounted on a off-the shelf driving board. 

» 

5.1.3.1 Beacon Laser 

The technical specifications of the beacon Igser. PD-LD Inc. PL83 series (see Fig. 1.11), are listed in Table 
5.3. The 3 pins device Includes a photodiode for laser power control purposes and It is available with a single 

mode fiber optics pigtail. 



Parameter 


Conditions 


Value 


Unit 


Wavelength 




830 


nm 


Wavelength stability 




± 10 


nm 


Output power 




3 


mW 


Operating current 




80-120 


mA 


Photodiode monitor current 




40-130 


fxm 


Power consumption 






W 


Fiber dimensions 




6/125 




Fiber optics connector 




FC 




Pin out 




Pin#1 


Laser diode anode 


Pin 952 


Common 


Pin #3 


Photodiode Cathode 



Table S.3. Specifications of the beacon laser. PD-LD Inc. PL83 series. 



5.1.3.2 Beacon Laser Driver 

The driving of the beacon laser and the control of its output optical power is accomplished by an off-the-shelf 
driver, model CCA by Roithner Lasertechnlk. the driver is available as a mounted printed circuit board and rts 
main specrfications are listed in Table 5.4, 



Paiameter 


Conditions 


Value 


Unit 


Max. laser cun'ent 




120 


mA 


Laser current adjustment 




0-120 


mA 


fVIonitor current adjustment 




7.2 - 360 




Supply voltage 


Direct current 


2.7-6 


V 


Power consumption 


At5V 


not available 


W 


Dimensions 




26x53 





Table 5.4. Specffications of the beacon laser driver^ Roithner Lasertechnik CCA. 



5.1.3.3 Inteorafion of the Beacon Laser Subassembly I 

The beacon laser diode is Integrated on the driver by direct soldiering of its pins on the driver board. 

A twin cable internal to the transmitter unit is soldered on the driver power supply pin-through-holes and 

connected to the 5 V power supply connector of the power suppjy unit (see Section 5,1 .4). 

S.I -4 Power Supply 

The power supply accepfe-as input either 220 V^c or 12 Vdo. The output power supply is at 5 Voc. 1 0 W. 
5.1.5 Case, and Harness 

The receiver teieoDisrimurilcation equipment Is housed In a standard case for a 19" rack. 1U. The transmitter 
case ftront and rear p^pel shown In Fig. 1.12. I 

The transmitter Indoor unit internal cable connections are shown in F^. 1.13. 

AppUcant: Media Ldrto sjJL. 

Attorney's ref. MLQ0H11/P-WO 



17/11/2003 15:20 +49-89-207028301 



HAMMONDS 



pcT/i'fos/oSyiS 



-23- 



5.1.6 External Interfaces 

A summary of the transmitter unit interfiaces is listed in Table 5.5. 



Interface 


Type 


# 


Descrfption 


Optical 


Transmitted data 


Output 


4 


Single mode fiber, FC connector 


Beacon 


Output 


1 


Single mode fiber, FC connector 


Spare 


Output 


1 


Single mode fiber, FC connector 


Electrical 


Clock 


Input 


1 


Unbalanced, 50 Q, SMA connector 


Data 


Input 


: 1 


Unbalanced, 60 Q, SIVIA connector 


Control 


Output 


1 


D9 connector 


Power supply 


input 


1 


230 Vac or 12 Vdo 


Mechanical 


Case type 






Rack 19", 1U 



Table 5.5. TransmittHr unit interfaces. 



BJl Optical Amplifier 

As an option an external off-the-shelf bench-top optical amplifier can be used on one of the output optical 
channels. In this case the other two channels are switched off. 

The technical specifications of the optical EDFA, IPG Photonics EAD-1-C, are listed in Table 5.6. 



Parameter 


Conditions 


Value 


Unit 


Bandwidth 




1533-1567 


nm 


Saturated power 




30-37 


dBm 


Gain 




30 


dB 


Noise figure 


at 0 dBm Input power 


5.5 


dB 


Supply Voltage 


Altemate current 


230 


V 


Power consumpflon 




60 


W 


Fiber connectors 




FC 




Operating temperature 




0^60 





Table 6.6. Specifications of the Optical Amplifier, IPG Photonics EAD-1-C. 



Since the transmitter has a peak power of 3 dBm. the peak ou^ut of the amplifier is at 33 dBm equivalent to 
2W. 

5.3 Receiver Unit 

The block diagram of the receiver unit Is shown in Fig. 1.14. The Input optical signal is demodulated and the 
clock and data RF signals generated as output by the optical receiver. Refer to Section 5.1.3 for the beacon 
laser subassembly description. 

S.3.1 Optical Receiver 

The optical receiver Is made by an off-the-shelf receiver mounted, by soldering, on a custom board. 
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5.3.1.1 Reefer 

The technical specifications of the optical recefver, Photon Technology PT0236-6-FC. are listed in the Table 
5.7 below. It is a complete receiver with data retiming and clocic recovery, based on an nGaAs APD and 
supply with a 50 trni core multimode liber optics. 



Parameter 


1 Conditions 


1 Value 


1 Unit 


Optical 




Wavelength 




1260-1650 


nm 


Sensitivity fnominaH 


2.488 Gb/s, NRZ BER = 


-28 


dBm 


Overload 




-8 


dBm 


Fiber optics connectDr 




FC 




Electrical 








Bit rate 




2.488 


Gb/s 


RF clock and data voltage 


Peak to peak 


0.6 


V 


Output impedance 




50 


Q 


Supply voltage 


Direct current 


5 


V 


Power consumption 




not available 


W 


Miscellaneous 








Dimensions 




58.5x35.6x12.6 


mm' ■ 


Operating temperature 




0-65 


•c 



Table 5.7. Specification of the Receiver, Photon Tech. PT0236.6-FC. 



Pin# 


Description 


Pin« 


Description 


1 


Not connected 


13 


Not connected 


2 
3' 


Not connected 
Loss of power alarm 


14 
1S 


Ground 


4 


Ground 


16 


Ground 
Ground 


6, 


False clock input 


17 


Ground 


6 


True clock input 


18 


Not connected 


7 


Ground 


19 


Ground 


8 


Not connected 


20 


Ground 


9 


Ground 


21 


Not connected 


10 


True data input 


22 


Power supply 


11 


False data Input 


23^ 


Optical input level 


12 


Ground 


24. 


Not connected 


Notes: i } ttl output Is high when average optical power Is less than -^5 dBm. 
2) Voltage Vga at pin #23 expresses average optical power as 



Table 5.8. Pin out of the Optical Receiver. Photon Tech. PT0236.6-FC 

^^^^ Effect of Finite Extinction Ratio of the Qn H cal TransmlHgr on the Receiver Sensitivity 

Im .^'lu'^'^^.f Perfomied to ecrf i mate the effect of the finte ^irfinction ratio m.2 
^^^^^^^ sensttivitv; an a ccurate analvsfs Is not oossible since a d^tafi^ 
qescnptlon of the AP D used in the detector is not available. 

The analvs b Is based on the followInQ assumotfop. 
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u Th» r^r^iv^r BER is equal to 10'^ at 2.5 Gbtt/s. 50% dut y nuftia and -28 dBm average power, as stated In 

it^ ci pArifiration. In add ition it Is assumed that this i s valid for an infinite extinction rato of the transmitter 

n.e. when the transmitted power at zero loQical level is zeroV.. 
2) T he APD rc^pnnslvlh / S Is equal to 1 AAA/, its gain far.tar M is equal to 10 and its noise factor F 'seqMal 

tn 7 fi7 Thft latter is a theoretical value derived fr om the relation Errorl Reference source not found. 

F=kM - K)(2 - ^^M) with l<=0.7 for InGaAs. 
3^ The recpivftr threshold Is set to the midpoint between the opt ical power corresponding tO logical one and 

zero. 

At B0% duty r.vele. the BER la given bv E rrorl Reference source not found. 



BER = 



1 



Where L and In are the detector cuffent at logical one a n ri ^ero respectivelv. a . and on are the cx3rrest)0nd|pq 
noi^e. I* Is the threshold cun-ent and er fc/x^ is the comDiementarv error function. 



Sga!Da ./tf, = (/i + /q)/2 the BER becomes 

BER 



1 
4 



As a first approximation the noise at the two toaical le v els differs bv the contribution dve to the signal shot 
noise in the t^andwidth B=2-S GH2. Thus can be written as 



Rnallvvwritinq ^ y;/, , tjie BER reac(? 



BER = v 
4 



erfc 



/i(1-7) 



+ erfc| 




A5 discussed ahnu«, ^ Infinite e vtincHon ratio, i.e at ■>.=0. and at -28 dBm average yaw^r the P^R is at 10 •^ 



Thus the equation 



2 
4 



erfc 



+erfc! 



10- 



can be solved f»r rr.. In the above equation _£ =RMS where Pi is the optical power of logic one. 
eorrasDondinq *" -25 dBm. So lving the equation it Is found that ot,°3.3S2 \xA. 

suh^titutino this h^ow into relation ^^) the BER nan he plotted as a function of ^^.^^^'^'f^ff '<^n/?tio. as . 
shovw in E rrPri Reference sou rce not found .- »t is seen that for ar^ extinction ratio of 8.2 dP egu^l t9 the 
nominal value of the Photo n Technoloav transmitter, the BER Is 1 ,28-1 0 , 



The following Errorl Reference source ««^» «»..«h ^ ^ nu, ^ ip.gtead the BFR as a fundiop ofthe ^^^"^^l 
V!:V^T^S SLr^^^r. rA f,.y. dB. Tn a sf p »i i> ^ fa ^.nounh to increase the transmitted pegK 

ppwar bv about O.S dB. 
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5.3.1.3 Receiver Board 

The receiver board electric diagram is shown In Fig. 1.15. An output buffers on pin #23 allows the possible 
readout of the average input optical power. 

S.32. Power Supply , . \ = h„,a/ 

The power supply accepts as Input either 220 V^c or 12 Vdc- the output power supply is at 5 Vdc. 10 W. 



5,3,3 Case and Harness 

The receiver telecommunication equipment is housed In a standard case for a 19^^ rack. 1U. The receiver 
case front and rear panel is shown In Error! Reference source not found.. 

The receiver indoor unit internal cable connections are shown in Error! Reference source not found.. 
5.34 External Interfaces 

A sumrnary of Uie receiver unit interfiaces is listed in Table 5.9. 



Interlace Tsrpe » \ Description 


Optical -..^ ^ 


Received data 


Input 


1 


50 nm core multi mode fiber, FC connector 


Beacon 


Output 


1 


Single mode fiber, FG connector 


Spare 


Output 


1 


Single mode fiber, FC connector 


Electrical 




Clock 


Output 


1 




Unbalanced, 60 52; SMA connector 


Data 


Output 


1 




Unbalanced, 50 Si, SMA connector 


Control 


Output 


1 




D9 connector* 


Power supply 


Input 


1 




230 Vac or 12 Voc 


Mechanical 




Case type ■ | - 


1 


Rack 19", 1U 



Table 5.9. Transmitter unit interfaces, 



5^ CCD Camera and Frame Grabber 

The CCD camera and the frame grabber are used for 
selected from off-the-shelf devices. Consequently no <i 
ftem is gh^en for completeness in the two next sections. 



detection of the beacon signal They have been both' 
design activity Is required and only brief description of 



S.4.1 The CCD Camera 

The technical specifications of the CCD camera. Sony 
625 lines operated at both 2:1 interlaced and 



XC 

non-interlaced 



Parameter 


Conditions 




Value 


Unit 


Optical siz:e 






0.5 


inch 


Effective picture elements 






752x582 




Total picture elements 






796x696 




Chip size 






7.95x6,45 


mm 


Unit cell size 






8.6x8.3 




Horizontal frequency. 






15.626 


kHz 



-75GE, are listed In Table 5.10. The scanning Is at 
mode. 
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Parameter 


Conditions 




Unit 


Vertical frequency 




50 


Hz 


Minimum illumination 
(witnout internal cui ik TiiiBrj 




0 5 


lux 


Video output 


Peak to Deak 


1 


V 


Output Impedance 


Un balanced 


75 


» 


oiQ nai TO nuise i auv 




64 


dB 


Supply voltage 


Direct current 


12 


V 


Power consumption 




1.4 


W 


Operating temperature 




-5/ +45 


'C 


Weight 




140 


g 


Dimensions 




71x44x29 





Table 6.10. Specification of the CCD canriera, Sony XC-75CE. 



The^framrgraTte^^ l! model IC.PCI.2.0 by Imaging Technoiogy Inc, plus the AiW-VS acquisition module by 
the same company. Few technical specifications are listed in Table 5.1 1 . 



Parameter 



Image Memory 



Interface 



Image data access 



Control register access 



Acquisition frequency 



Dimensions 



Power consumption 



Operating temperature 



Conditions 



8 bit 



6V 



Value 



PCI bus 



32 



16 



25 



175x107 



2L6 



10-80 



Unit 



MB 



bit 



bit 



MHz 



mm 



W 



Table 5.11. Specifications of the frame grabber, Image Technoiogy IC-PCI-2,0. 



5.5 Functional Testing , , , ^^x^x 

The following Table 5.12 reports the list of the functional tests to be performed on the electronic equipment of 
the ground demonstrator- 



Test 



Measured 
Parameter 



Conditions 



Acceptance 



Beacon Laser stability 



I Power variations 



3dBm 



< 1 dB In 1 hour 



Single channel communication 



Sensitivity 



BER = 1ff 



r9 



-28 dBm for 1 hour 



Multi-channel communication 1 Sensitivity 



BeR=10' 



-28 dBm for 1 hour 



' Table 5.12. Functional test list of the optoelectronic equipment 

transmitter lasers. « ' ** . ' u.. 

,n the multichannel dommunlcatian test, the optical beams of a» the transmitter lasers are added by means 
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of an optical coupler before being fed to the receiver. 
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B. Performance and Budgets 



6.1 Dimensioning 

The size of the temilnal is as follows {as per Error! Reference source not found.): 

Outdoor Unit (Temninal): h 660 x L = 451 mm x W = 422 mm 

Optical Head (cover included): h = 334 x L = 451 mm x W = 400 mm 

Pedestal- h = 300 x L = 353 mm x W = 397 mm 
Tx Indoor unit h = 132 x L » 483 mm x W = 270 mm 

indoor unit: h 132 x L = 483 mm x W = 270 mm 



6.2 Mass Budget 

The mass breakdown of the terminal Is as follows; 



Outdoor Unit (Terminal): 
Optical Head (cover Included): 
Pedestal: 

RItchey-Chrfetien telescope: 
Tx indoor unit 
Rx indoor unit 



62 kg 
22 kg 
40 kg 



1.3 kg 

TBD 

TBD 



6.3 Eigenfrequencies 

No stwctural analysis has been performed for the ground demonstrator in consideration that the goal of the 
preset project Is the demonstration . of the optical and optoelectrontcal concepts developed during the 
feasibility study of the ISL temilnal. 

The structural analysis ibr the ISL terminal had been reported In Error! Refeience source not found.. 



6.4 Link Power Budget 

A orelimlnarv link power budget has been performed both for the main channel at 1550 nm and for tfie 
beSrS nm- diffra^ Sffecte due t» long distance propagation liave bean cx,nsidered; however .n his 
anlSs tiie effecte of disturbance of the atmosphere (power absorption, beam wandenng angle of arrival 
Saflolfsl Sa^ nofbeen considered and they will be analyses In details >vithin phase 2 of the ptx,Ject. 
Also power losses due to pointing and tracking enws have not been considered. 

The results show that the link can be closed with addttional power margin, as summarised in Table 6.1 here 
below: 



Link pcmer budget 
(link distances 1114 m) 


X e 1550 nm 
(fiber optics core 0 « 50 ixm) 


Beacon at X » 830 nm 
(CCD Sony XC-7SCE; 
pbcels 8.6 fim x 8.3 pm) 


Transmit power (total output 
of the three fiber optics) 


+4 8 dBm 3 mW^^ 1 mWx31 


+4.8 dBm (3 mW) 


Connector loss In Tx 


0.3 dB 


0,3 dB 


Optical bench loss In Tx 


0.1 dB 

Two surfaces of Colllmatlon Lens: 
0.05 dB 

- Two surfaces of Relay Lens: 0.05 
dB 


Not applicable 


Tx telescope loss 

Free space loss (Including 


0.adB 

« Two gold coated mirrors: 0.2dB 
3.3 dB 


0.05 dB 

Two surfaces of Beacon Lens: 
0.05 dB 

22.9 dB 
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Link power budget 
{link distance = 1114 m) 


= 15S0 nm 
(fiber optics core 0 = 50 pjn) 


Deacon ai a oou niii 
(CCD Sony XC-7SCE; 

pixels 8.6 iim X 8,3 \im) 


entrance pupil - spider and 
secondary mirror - of Rx 
telescope) 


Divergence of i 90 jxrad: 1 .6 dB 
- Shift of Tx beam 80 mm with 
respect to optical axis: 1.7 dB 


- Divergence of 3 mrad; 21 .9 dB 

- Shift of Tx beam 175 mm with 
respect to optical axis: 1 .0 dB 


Rx telescope loss 


0.2 dB 

- Two gold coated min"ors: 0.2dB 


0.2 dB 

TWO gold coated mlrrars; 0.2 dB 


Optical bencli loss in Rx 

(comprising coupling with fiber 
optics) 


1.7 dB 

- Two surfaces of Relay Lens: 0.05 
dB 

- 3mm holes of Hole Mirror. 0,5 dB 
Reflectivity of Hole mirror: O.ldB 
Transmission loss of beamsplitter 
1.0 dB 

- Two surfaces of Focusing Lens: 
0.05 dB 


30.7 dB 

- ■ TWO surfaces of Relay Lens: 

0.05 dB 

- 3mm holes of Hole Mirror 0.5 
dB 

- Reflectivity of Hole mirror O.ldB 
Reflection loss of beamsplitter: 
1.0 dB 

• Two surfaces of Focusing Lens: 
0.05 dB 

- Filter at 830 nm: 3.0 dB 
Neutral oensnv niier: qd, 


Coupling witfi Rx fiber optics 


5.2 dB 

- focus size of each beam (90% of 
energy in 0 - 50 \n,m): 0.5 dB 

- Superposition of 3 Rx beams: 4.7 
dB 


Not applicable 


i^oupiing wiui wwu' 


Not sLDDlicable 


14.9 dB 

focus size (90% of energy in 0 = 
50 pjm and pbcel size 8.6|xm x 


Connector loss in Rx 


0.3 dB 


Not applicable 


Power received by Rx fiber 
optics beginning of life 


-6.5 dBm 


Not applicable 


Power received by one pixel 
ot Lf^u Degin or lire 


Not applicable. 


' 64,2 dBm/px 


Required power 


>-28 dBm 

fnominal value for APD Dlataiied 
detector of Photon Technology at 2.5 
Gbil/s) 


> 95 dBm/px 

(can be reduced through the manual 
gain control of the CCD) 


Linic margin 


21.5 dB 


30,8.dB 



Table' 6.1: Link Power Budget 



6Ai Overview on b aekaround radiation 

Background radiation on the the CCD operating at 830 nm 



Boundary conditions:. 



- go direct solar Illumination 

, source of baokonaund radiation: solar illuminated skv (all sky 

excluding the Sun and some dedre es around it) 
' Pixels size: 8.3 x 8.6 um 

- 830 nm filter ^FWHM » 50 n n}^ in front of CCD 
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- neutral density filter ^attenuation a 26 dBm) »n front of CCD. 
Maximum acceptable background on CCD: -95 dBm/pIxe! teee Section 3 .3.1.13V 

Calculation: taldno into account tiiat the Sun can be considered as a blackbody at temperature of 5800 K, it 
produces a flux fW/m^) on Earth oft 

2hc 1 gAA (RA^ 



• h = 




• c = 


3-10^ m/s 




1.94-10*^* s-^ 


K = 


1.38'10-^ Js 



• T g 5800 K : it Is the sun temperature 

D< = 1.510'^^ m: it is the distance of the Sun 

• 2Rq = 7*1 m: it is the diameter of the Sun 

• AX IS the part of the spectrum considered 

• % is the central wavelength considered In the spectrum. 

. In our hypothesis , the central wavelength is 830-10'^ m. and the part of the spectrum considered has a width 
of 50 10 m due to the presence of the 830 nm filter with FWHM of 50 nm. In this case the flux on Earth Is: 
17>4 W/m^ 

If we take Into consideration the size of the Pixels and the additional attenuation of: 

• 26 dB f neutral density filter): 

» 14 dB (the CCD Is not under direct solar illumination: this attenuation is an experimental result obtained in 

Media Lario on 8" April 2003 In a sunny dav witii clear sky condltionsV 
then the Intensity of the background radiation on the CCD Is 99 dBm/plxeL tower than the acceptable value of 
^ 95 dBm/Plxel. and much lower than the peak intensity of the 830 nm signal (expected oeak Intensity:" 64.2 
dBm/plxel. as calculated in Section B .4\ 

Conclusion: the selected Filter 830 nm (In addition to the Neutral Density Filter) assures en ough isolation 
from solar backonjund illumination. 



Noise on the APD detector operating at 1650 nm 

Boundary conditions: - no direct solar illumination 

" source of background radiation: solar Illuminated skv (all skv 
excluding the Sun and some degrees around it\ 
■ 50/125 urn Rx fiber optics with numerical aperture 0.2 

Maximum acceptable background In the Rx fiber optics: ^ 4 0 dBm (see Errerl Reference source not 
founci.1 

Calculation: taking Into account that 

• the radiation of the sun (entire spectrum) produces on Earth a flux of 1380 W/m^: 

• the diameter of the fiber optics Is 50 um: 

• the fiber optica is not directly exposed to sun radiation but onlv to the solar illumin ated skv (all sk^ 
excluding the Sun and some decrees around ItV- an experimental result obtained In iVIedIa Lario on 8 
/^ril 20Q3 has shown that the radiation collected bv a fiber optics with nuriierlca l aperture of 0.2 in the 
mentioned c ondition s is 1/250 respect to a fiber optics unde r direct solar Illumination. 

then the amount of background radiation colledie g f by the fib er ontiDS is'' SO dBm. lower than the. acceptable 
value of 40 dBm. 
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nnnri..Rinn- the selected c onficiuraBon_{no.band pas s filter for 1560 pm radiation) assures enough Isolation 
from solar backoround illumination. 

6^.2 Overview on polarization 

The beams at S3Q nm and 155Q nm are linearly polaris ed. For the foreseen test, no effect dependant op 
cmlarization effer.t« has been Id entified. T here fore the utilisatio n of a quarter w ave plat e to trapsmH circular 
nolarised radiation has not been ImDlemented for the c urrent demonstration on ground, 

6.5 Power consumption 

The power consumption of the terminals is reported In the following Table 6.2: 



Unit 


Power Consumption 


Tx indoor unit 


<10W 


Rx Indoor unit 


< 10 w 


CCD camera 


2.5 W 


Frame grabber of the CCD camera 


1.4 W 


Note: during the operations the following 
instrumentation will be used: 




Optical /Amplifier (Optional) 


-60 W 


PC for Tx section 


-200W 


PC for Rx section 


-200W 


Pattern generator at 2.5 Gbit/s 


<300W 


BER detector 


<300W 



Table 6.2: Power consumption. 
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7. Conclusions 



The design of the optical head ground demonstrator is representative of the ISL terminal architecture, (n 
order to minimize the efforts and, to account for the test boundary conditions under the atmospheric 
disturbances, the following changes and additional features have been implemented; 

• A total number of 3 transmit beams Is used to reduce the effects of the scintillation of the atmosphere 

« Relay lenses have been introduced in order to allow the utilizdtion of the existing telescope design 

- Commercial off-the-shelf components are used for the electrical and electronics devices. Their suitability 
for space application is not checked. 

• A simple manual pointing and tracking system has been Included to perform the optical communication 
tests at 2.6 Gbit/s 

These changes do not fundamentally modrfy the architecture and the functionality of the terminal. They will 
only improve the availability of the linl< under ground environmental conditions. The influence of the deviation 
of tiie design and of the environmental conditions will be considered during test predictions. 

The design of the demonstrator Is completed; upon review by ESA, procurement and manufacturing phases^ 
can be initiated. 



* Please note that anyway, as outlined in the specific locations along this report, the procurement of some 
standard long-iead items, already thoroughly discussed^ was already started. 
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ANNEX1 




AC 

AD 

APD 

AR 

BER 

Cf. 

CCD 

DC 

e.g. 

EDFA 

ESA 

ESTEC 

FO 

FSO 

FWHM 

H/W 

Le. 

IL 

IR 
ISL 

ML 



Alternate Current 
Applicable Document 
Avalanche Photo Diode 
Anti Reflection 
Bit Error Rate 
see 

Charge Coupled Device 
Direct Current 

exempli gratia (for example) 
Erbium Doped Fiber Amplifier 
European Space Agency 
(ESA) European Space Research 
and Technology Centre 

Fiber Optics 

Free Space Optics 

Full Width Half Maximum 

Hardware 

Id est (that Is) 

(ML) Optical Telescope for ISL 
Feasibility Study Project 

Infra Red 
Inter-satellite Link 

Media Larlo S.r.l. 



MM 
N.A. 
IMA 
NRZ 
OH 
OR 
PC 
P-V 
R-C 
RD 
RF 
Rx 

SM 

TBD (tbd) 

Tx 

TTL 

VS. 

WFE 

w.r.t 
ZEMAX® 



Multi Mode 
Numeric Aperture 
Not Applicable 
Non Return to Zero 
Optical Head 
Original 

Personal Computer 
Peak to Valley 
Rltchey-ChrStien 
Reference Document 
Radio Frequency 
Receiver 

Single Mode 
To be defined 
Transmitter 

Transistor-Transistor Logic 
versus 

Wav^front Error 

with respect to 
Focus Software Inc. Optical Analysis 
Package 
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Claims: 

1. An optical communications terminal, comprising: 
an optical telescope; r , • i 
a transmitter unit including at least one transmitter coupled to source of optical signals; 
a receiver unit for receiving optical signals; 

an optical system defining a transmit optical path between the optical telescope and the transmitter 
unit, and defining a receive optical path between the optical telescope and the receiver unit; anc 
a beacon detector for detecting beacon optical signals received at the optical telescopej 
characterised in that a beacon optical path between the optical telescope and the beacon detector 
comprises at least a portion of said transmit optical path and/or said receive optical path. 

2. The tennlnal of claim 1, wherein the transmitter unit, receiver unit and beacon detector ^re disposed 
at or adjacent the focal plane of the optical telescope. 

3. The terminal of claim 1 or 2, wherein the optical system Includes a relay lens and a first mirror, and 
the optical path between said first mirror and the optical telescope Is common to the transmit optical path, tiie 
receive optical path and the.beacon optical path. 

4^ The terminal of claim 3, wherein the optical system includes a beamsplitter between the first mirror 
and the receiver unit, the beamsplitter, in use, passing receiver optical signals along the transmit optical path 
to the receiver unit and reflecting beacon optical signals along the beacon optical path to the beacon. 

5. The terminal of any of tine preceding claims, wherein the transmin^r unit includes a plurality of 
transmitters. 

6. The terminal of any of the preceding claims, wherein for the or each transmitter aperture is 
provided in the first min-or, a separate transmit optical path thereby being pnovlded from tiie or rach 
transmitter to the optical telescope via a respective aperture. 

7^ The terminal of any of the preceding claims, wherein the or each transmitter comprises the 
terminating portion of a single mode optical fibre, a colHmating lens preferably being provided at said 
terminating portion In a respective fransmlt optical path. 

8, The terminal of claim 5. and any claim dependent thereon, wherein each transmittej- is fed by the 
same opticalslgnal. 

9. The terminal of claim 5, and any claim dependent thereon, wherein each transmiti{er is fed by a 
different optical signal. 

10. The terminal of claim 5, and any dalm dependent thereon, wherein ttiere are three transmitter, 

11, The terminal of any of claims 4 to 10, wherein tfie beacon optical path includes a second focussing 
lens between said beamsplitter and the beacon detector. 



12 



13. 



,^ The terminal of claim 11, wherein the beacon optical patti includes a filter system! between said 
second focussing lens and the beam detector, the filter system preferably Including, in secjuence, a filter 
passing a first predetermined frequency and a neutral density filter. 

The terminal of claim 11, wherein tiie first predetermined frequency is 830nm. 

:iudes or 

led frequency, 

The terminal of claim 14, wherein the receiver comprises a terminating portion of a mUltimode optical 



14. The terminal of any of the preceding claims, wherein the receiver unit includes oje receiver for 
receiving optical signsJs at a second predetermined frequency, different to said first predetenmr 
said second predetermined frequency preferably being 1550 nm. 



15. 
fibre. 

16. 



An optical communications terminal, comprising: 
an optical telescope; 

a transmitter unit coupled to source of optical signals; 
a receiver unit for receiving optical signals; 
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an oDtical system defining a transmit optical path between the optical telescope and the transmitter 
unit and deflninq a receive optical path between the optical telescope and the transmitter unrt; and 

^ chaSlriie^ in that the transmitter unit comprises a plurality of transmitters, each transmitter being 
coupled to a respective source of optical signals. 

17 The terminal of claim 16. wherein for the or each transmitter an aperture is provided in the first min-or, 
^ separate tranTrSr optical path thereby being pmvided from the or each transmitter to tiie optical telescope 
via a respective aperture. 

18 The terminal of clairh 16 or 17, wherein the or each transmitter comprises the terminating portion of a 
single mode opHcal fibre, a coliimating lens, preferably being provided at said terminahng portion m a 
respective transmit optical path. 

19. The terminal of any of claims 18 to 18, and any claim dependent ttiereon. wherein each transmitter is 
fed by the same optical signal.' 

20. The terminal of any of claims 16 to 1 9, and any claim dependent thereon, wherein each transmitter is 
fed by a different optical signal, 

21. The terminal of any of claims 16 to 20. and any claim dependent thereon, wherein there are three 
transmitters. 

22. The terminal of any of claims 16 to 21, further Including a beacon detector for detecting beacon 
optical signals received at the optical telescope. 

23. The terminal of claim 22, wherein the transmitter unit, receiver unit and beacon detector are disposed 
at or adjacent the focal plane of the optical telescope. 

24 The terminal of claim 22 or 23, wherein ttie optical system includes a relay lens and a firatmirrer. and 
the optical patti between said firet mirror and the optical telescope is common to ttie transmit optical patti, tne 
receive optical patti and the beacon optical paOi. 

25 The tenninal of claim 24. wherein ttie optical system Includes a beamsplitter between the ^^^^^ 
and ttie iweiver unit, the beamsplitter, in use. passing receiver optical signals a ^^S the transit optical patti 
to ttie receiver unit and reflecting beacon optical signals along ttie beacon optical path to ttie beacon. 

26 The terminal of any of claims 22 to 25, wherein ttie beacon optical patti includes a second focussing 
leris between said beam^Htter and tiie beacon detector. 

27 The terminal of any of claims 22 to 26, wherein ttie beacon optical patii includes a filter ^stem 
teiween ^d ^Sd focussing lens and the beam detector, the filter sy^m preferably Including. In 
sequence, a filter passing a first predetemilned frequency and a neutral density filter. 

28. The terminal of any of claims 22 to 27. wherein ttie first predetermined frequency is 830nm. 

29. The terminal of any of claims 22 to 28. wherein^the racelver ^;fJ;^^^^^^^r^^J^^ 
optical signals at a second predetemiined- frequency, different to said first predetennined frequency, saia 
second predetermined frequency preferably being 1550 nm. 

30. The terminal of cteim 29. whereln-ttie receiver comprises a terminating portion of a multimode optl^ 
fibre. 

31 A« oDtlcsj! free space communications system, comprising: ..... „t^^,r, 

■ a firet optical communications terminal, ttie first optical communications terminal being a temiln 

according to any of th^^ thesecond optica) communications terminal being a ^ 

''"^'^'^Sn^M^l -m^tSl'c^lTonTiemilnal and ttie second optical <---"nications te^^^^^ 
are arra^eTwhS in use. ttie ttansmitter unit of ttie first optical communications temiinal nriaV tranff"* ,. 

optica! communications tennlnal 

ADPUcant: Media Lailo axL. 
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Abstract 



Free space optical communications 

An optical communications tenninal, comprising: an optical telescope (e.g. a dual mirror Ritchie-Chretien 
telescope); a transmitter unit (nciuding at least one transmitter coupled to source of optical signals; a receiver 
unit for receiving optical signals; an optical system defining a transmit optical path between the optical 
telescope and the transmitter unit, and defining a receive optical path between the optical telescope and the 
receiver unit; and a beacon detector for detecting beacon optical signals received at the optical telescope; 
characterised In that a beacon optical path between the optical telescope and the beacon detector comprises 
at least a portion of said transmit optical path and/or said receive optical path. In one embodiment, the 
transmitter unit, receiver unit and beacon detector are disposed at or adjacent the focal plane of the optical 
telescope, providing a compact arrangement suitable for usage In diverse environments (e.g. aircraft- or 
SQtellite-bome. as well as ground-based). In another aspect of the Invention there is disclosed an optical 
communications terminal in which the transmitter unit comprises a plurality of transmitters, each transmitter 
being coupled to a respective source of optical signals. An optical free space communications system 
comprising two such coupled terminals is also disclosed. 
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Fig. 2.2: Ground Demonstrator Hardware Tree 
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Fig. 3.3. Transmission af 1550 nm: opticai layout (only one of the 3 beams is shown). 
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Fig. 3.4. Beam shape (1550 nm) at the Rx telescope (only one of the 3 beams Is shown). 
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F/g. 3.6. Reception at 1550 nm: spot diagram (only one of the 3 beams Is shown). 
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F/g. 3.7. Transmission of the beacon at 830 nm: optioal layout 
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ng. 3.8. Beam shape (beacon at 830 nm) at the Rx telescope. 
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F/g. 3-9. Reception of the beacon at 830 nm: optical layout 
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Fig. 5.4: Transmitter Laser board electric diagram. 
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